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MULTI-PIECE MOLD AND METHOD OF SLURRY DISTRIBUTOR

CROSS-REFERENCE TO RELATED APPLICATIONS

[ 1J This patent application claims the benefit of priority to U.S. Provisional Patent

Application No. 61/550,827, filed October 24, 20 , and entitled, "Slurry Distributor,

System, Method for Using, a d Method for Making Same which is incorporated in its

entirety herein by this reference.

BACKGROUND

[ 2| The present disclosure relates to continuous board (e.g., wa lboard

manufacturing processes and, more particularly, to a moid and a method for making

slurry distributor for the distribution of an aqueous cementitious slurry, such as aqueous

calcined gypsum slurry, for example.

3 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. Th aqueous aic ned gypsum slurry i 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 a d through a discharge outlet of the mixer an 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 i the

discharge conduit. The stream of slurry passes through the discharge conduit from

which i is continuously deposited onto 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 mate al is applied to cover the slurry and form a sandwich structure

of a continuous al board preform, which is subjected to forming, such as at a

conventional forming station, to obtain a desired thickness. The caicined gypsum reacts

with the water in the wallboard preform and sets as the wallboard preform moves down

a manufacturing line. The wallboard preform s cut into segments at a point along the

line where the wallboard preform has set sufficiently, the segments are flipped over,



dried e.g., I k n) to drive off excess water, and processed to provide the final

alS oard product of desired dimensions.

[0004] Prior devices and methods for addressing some of the operational problems

associated with the production of gypsum wallboard are disclosed n commonly-

assigned U.S. Patent Nos. 5 683,635; 5, 43 ,5 ; 6,494,609; 6,874,930: 7,007,914; and

7,296,919, which are incorporated herein by reference.

0 5J 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"

( S . 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, inciuding the opportunity to reduce

the energy demand in the process. However, spreading increasingly viscous gypsum

slur es uniformly on th forming table remains a great challenge.

[0006] Furthermore, in some situations where the s urry is a mu ti- has slurry

including air, air-liquid siurry 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 ilquid slurry phase increases,

thereby resulting in the propensity for larger mass or density variation.

[0007} ft will b 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 a d 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} n one aspect, the present disclosure is directed to embodiments of a mold fo

use in a method fo making a slurry distributor according to principles of the present

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



segments adapted to be removably secured together. Each mold segment includes a

exterior surface configured to define at ieast a portion o an interior surface of a slurry

distributor. The mo d segments are configured such that, when the mold segments are

assembled together, the assembied mold segments define a substantially continuous

exte or surface adapted to b a negative image of an interior flow region of a slurry

distributor molded thereupon. 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 dist ributor The

aximu cross-sectional area of each moid segment is up to about 0% of the

smallest area of the inferior flow region of the oid d slurry distributor through which

the mold segment traverses when moving along the respective removal path.

[0009] n another aspect of the present disclosure, embodiments of a method of

making a slurry distributor are described. A plurality of old segments of a multi-piece

mold is assembled to define an exterior surface of the multi-piece mold. The assembled

multi-piece mold is dipped into a so tion of flexible material such that at least a portion

of the multi-piece mo d is submersed in the solution. The multi-piece mold s removed

from the solution such that a layer of solution adheres substantially around the exterior

surface of the multi-piece mold. Th solution is allowed to cure such that a at least

partially-solidified molded slurry distributor is formed around the mufti-piece mold. The

molded slurry distributor has an interior surface defining an inte or flow region. The

interior surface of the molded slurry distributor is in contacting relationship with the

exterior surface of the multi-piece mold. The molded siurry distributor defines at least

two openings each in fluid communication with the interior flow region.

[00 } The multi-piece mold is disassembled by removing each mold segment f om

the interior flow region of the slurry distributor through one of the openings of the

molded siurry distributor such that each moid segment travels along a respective

removai path fro its assembied position in the assembled multi-piece mold out through

the respective opening. 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 th molded slurry distributor. The



maximum cross-sectional area of each mo d segment s up to about 0 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.

[00 J n another aspect of the present disclosure, a slurry distributor made following

a method using an embodiment o a multi-piece mold according to principles of the

present disclosure can include a feed conduit and a distribution conduit in flui

communication therewith. The feed conduit can include a first feed inlet in fluid

communication with the distribution conduit and a second feed inlet disposed in spaced

relationship w t the first feed Inlet and in fluid communication with the distribution

conduit. The distribution conduit can extend generally aiong a longitudinal axis and

include an entry portion and a distribution outlet in f lui communication therewith. The

entry portion is in fluid communication with the first and second feed inlets of the feed

conduit. The distribution outlet extends a predetermined distance along a transverse

axis, which is substantially perpendicular to the longitudinal axis,

[0012] n another aspect of the present disclosure, a slurry distributor made using an

embodiment of a multi-piece mol according to principles of the present disclosure can

be placed n fluid communication with a gypsum slurry mixer adapted to agitate water

and calcined gypsum to form an aqueous calcined gypsum slurry. In stii! another

aspect of the present disclosure, a slurry distributor made using an embodiment of a

multi-piece mold according to principles of the present disclosure can be used in a

method of preparing a gypsum product. For exampie, a slurry distributor can be used to

distribute an aqueous calcined gypsum slurr upon an advancing web.

[00 ] Further and alternative aspects and features of the disclosed principles wilt be

appreciated from the following detailed description and the accompanying drawings. As

will be appreciated, the slurry distribution systems disclosed herein are capable of being

carried out and used in other and different embodiments, and capable of being modified

in various respects. Accordingly, it is to be understood that both the foregoing genera!

description and the following detailed description are exemplary and explanatory only

and do not restrict the scope of the appended claims.



BRIEF DESCRIPTION OF THE DRAWINGS

[00 ] FIG 1 s a perspective view of an embodiment of a slurry distributor

constructed in accordance with principles of the present disclosure.

[00 ] FIG, 2 s a perspective view of th slurry distributor of FIG 1 and a

perspective view of an embodiment of a slurry distributor support constructed in

accordance with principles of the present disclosure,

[00 J FIG. 3 is a front elevationat view of the slurry distributor of FIG. 1 and the

slurry distributor support of FiG. 2.

[00 FiG. 4 is a perspective view of an embodiment of a slurry distributor

constructed in accordance with principles of the present disclosure thai defines an

interior geometry that is similar to the slurry distributor of F G. 1, but that is constructed

from a rigid material and has a two-piece construction.

[00 FIG. 5 is another perspective view of the slurry distributor of FSG. 4 but with a

profiling system removed for illustrative purposes,

[0019] FIG. 8 is an isometric view of another embodiment o a slurry distributor

constructed in accordance with principles of the present disclosure, which includes a

first feed inlet and a second feed inlet disposed at about a sixty degree feed angle with

respect to a longitudinal axis or machine direction of the slurry distributor.

[0020] FIG. 7 is a top p an view of the slurry distributor of F G , 8 .

[0021] FIG. 8 is a rear eieva!ional view of the slurry distributor of FSG. 6 .

[0022] FIG. 9 is a top plan view of a first piece o the slurry distributor of FiG. 6 .

which has a two-piece construction.

[0023] FIG. 10 is a front perspective view of the slurry distributor piece of FIG, 9 .

[0024] FIG. is an exploded view of the slurry distributor of F G. and a support

system for the slurry distributor constructed in accordance with principles of the present

disclosure.

[0025] FIG. 12 is a perspective vie of the slurry distributor and the support system

f FIG, 11.



[ 02 | FIG. 3 s an exploded view of the slurry distributor of FIG. a d another

embodiment of a support system constructed n accordance w th principles of the

present disclosure,

FIG, is a perspective view of the slurr distributor and the support system

of FSG. 13,

FIG, a perspective view of an embodiment o a siurry distributor

constructed in accordance with principles of the present disclosure that defines an

interior geometry that is similar to the slurry distributor of F G. 6 , but that is constructed

from a flexible materia! and has a integral construction.

[0 2 ] FIG, 16 is a top plan v ew of the s urry distributor of FIG, 15,

[0030] FIG. 1 is an enlarged, perspective view of the interior geometry defined by

the slurry distributor of FIG. 15, illustrating progressive cross-sectional flow areas of a

portion of the feed conduit thereof,

[0031] FSG. 18 is an enlarged, perspective view of the interior geometry of th slurry

distributor of FIG. , illustrating another progressive cross-sectional fiow area o the

feed conduit.

[0032] FIG. is an enlarged, perspective view of the interior geometry of the slurry

distributor o FIG. , illustrating yet another progressive cross-sectional flow area of the

feed conduit which is aligned with a half of a e tr portion to a distribution conduit of

the siurry distributor of FSG. 15.

[0033] FIG. 20 is a perspective view of the siurry distributor of FIG, and another

embodiment of a support system constructed in accordance with principles of the

present disclosure.

[0034} FSG. 2 is a perspective view as n FIG. 20, but with a support frame removed

for illustrative purposes to sho a plurality of retaining plates in distributed relationship

with the slurry distributor of FIG. 15.

[0035] FSG. 22 is a perspective view of an embodiment of a multi-piece mold for

making a slurry distributor a n FIG. 1 constructed in accordance with principles of the

present disclosure.



[00363 FIGS. 22A-K are various detail views of moid seg e ts of the multi-piece

mold of FIG. 22.

(0037} FIG, 23 is a top p an view of the moid of FIG. 22.

[0038] FIG, 24 s an exploded view of a embodiment o a multi-piece mold for

making a siurry distributor as in FIG 5 constructed in accordance with principles of ihe

present disclosure.

[0039] FIG. 25 is a perspective view of another embodiment of a moid for making a

piece of a two-piece slurry distributor constructed n accordance with principles of the

present disclosure.

[00401 FIG, 28 is a top pian view of the moid of F G, 25,

[004 1 FIG 27 is a schematic p!an diagram of an embodiment of a gypsum slurry

mixing and dispensing assembly including a siur distributor n accordance with

principles of he present disclosure.

[0042] FIG. 28 is a schematic pian diagram of another embodiment of a gypsum

siurry mixing and dispensing assembly including a slurry distributor in accordance with

principles o the present disclosure.

[0043] FIG 29 is a schematic evationa diagram of an embodiment of a wet end of

a gypsum wallboard manufacturing ine in accordance with principles of the present

disclosure.

[0044] F G .30 is a perspective view of art embodiment of a ow splitter constructed

in accordance with principles of e present disclosure suitable for use in a gypsum

siurry mixing and dispensing assembly including a slurry distributor

[0045] FIG. 3 is a side elevations! v ew , in section, of the flow splitter of FIG. 30,

[0046] FIG 32 is a side eievationai view of the flo spiiiter of FiG. 30 with an

embodiment of a squeezing apparatus construcied in accordance with principles of the

present disciosure mounted thereto.

[0047] FIG. 33 is a top plan view of a half portion of a slurry distributor similar to the

siurry distributor of FIG. .



s

[0048] F G . 34 s a plot of the data from Table ( of Example 1 showing the

dimenstoniess distance from the feed inlet versus the dimensioniess area and the

dimensioniess hydraulic radius of the half portion of the slurry distributor of FIG 33.

0 4 ] FSG, 35 is a plot of the data from Tables I a d of Examples 2 and 3 ,

respectively, showing the dimensioniess distance from the feed inlet versus the

dimensioniess vefocity of a flow of modeied slurry moving through the half portion o the

slurry distributor o FIG. 33.

[0050] FIG. 38 is a plot of the data from Tables II and I of Examples 2 and 3 ,

respectively, showing the dimensioniess distance from the feed inlet versus the

dimensioniess shear rate in the modeied slurry moving through the half portion of the

slurry distributor o FIG. 33.

[0051] FSG. 37 is a plot of the data from Tables I and ill of Examples and 3 ,

respectively, showing th dimensioniess distance from the feed inlet versus the

dimensioniess viscosity of the modeled slurry moving through the half portion of the

siurry d isth u r o F . 33,

[0052] FSG, 38 is a plot of the data from Tables I I and i of Examples and 3 ,

respectively, showing the dimensioniess distance from the feed inlet versus the

dimensioniess shear stress in th modeled slurry moving through the half portion of th

slurry distributor of FIG. 33,

[0053] FSG. 39 is a plot of the data from Tables and I of Examples 2 and 3 ,

respectively, showing the dimensioniess distance from the feed inlet versus the

dimensioniess e no ds number of the modeled slurry moving through the half portion

of the slurry distributor of FIG, 33,

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0054] The present disclosure provides various embodiments of a slurry distribution

system that ca be used in the manufacture of products, including cementitious

products such as gypsum waSlboard, for example. Embodiments of a slurry distributor

constructed in accordance with principles of the present disclosure can be used in a

manufacturing process to effectively distribute a multi-phase slurry, such as one

containing air and liquid phases, such as found in a aqueous foamed gypsum slurry.



for example. Embodiments of a method of making a slurry distributor according to

principles of the present disclosure can use a multi-piece moid in a dip rnoiding process.

[0055] Embodiments f a distribution system constructed in accordance with

principles of the present discSosure can be used to distribute a slurry (e.g., an aqueous

calcined gypsum slurry) onto an advancing web (e.g., paper or mat moving on a

conveyor during a continuous board (e.g., wallboard) manufacturing process. In one

aspect, a slurry distribution system constructed in accordance with principles of the

present disclosure can be used n a conventional gypsum drywa!l manufacturing

process as, or part of, a discharge conduit attached to a mixer adapted to agitate

calcined gypsum and water to form an aqueous calcined gypsum slurry.

[0056] Embodiments of a slurry distribution system constructed in accordance with

principles o the present dfsciosure are aimed at accomplishing wider distribution (along

the cross-machine direction) of a uniform gypsum slurry. Embodiments of a slurry

distribution system of the present disclosure are suitable for use with a gypsum slurr

having a range o WSRs, including WSRs conventionally used to manufacture gypsum

wallboard and those that are relatively lower and have a relatively higher viscosity.

Furthermore, a gypsum slurry distribution system of the present disclosure can be used

to help control air-liquid phase separation, such as, n aqueous foamed gypsum slurry,

including foamed gypsum slurry having a ver high foam volume. The spreading of the

aqueous calcined gypsum slurry over the advancing web can be controlled by routing

and distributing the slurry using a distribution system as show and described herein,

[0057] Embodiments of a method of preparing a gypsum product in accordance with

principles of the present disclosure can include distributing an aqueous calcined

gypsum slurry upon an advancing web using a slurry distributor constructed i

accordance with principles of the present disclosure. Various embodiments of method

of distributing an aqueous calcined gypsum slurry upon a moving web are described

herein.

Turning now to the Figures, there is shown in FIGS. 1-3 an embodiment of a

slurry distributor 120 according to principles of the present disclosure, and in F G S . 4

and 5 another embodiment of a slurry distributor 220 according t principles of the



present disclosure is shown. The slurr distributor 0 shown in FiGS. 1-3 is

constructed from a resiliency flexible material, whereas the slurry distributor 220 shown

in FIGS. 3 and 4 is made from a relatively rigid materia!. However, the interior flow

geometry of both siurry distributors 0, 220 in !GS. 1-5 is the same, and reference

should a so be made to FIG. 5 when considering the siurry distributor 1 0 of FIGS, 1-3,

5 J Referring to FIG. 1 the siurry distributor 0 includes a feed conduit 1 2,

which has first and second feed inlets 124, 125, and a distribution conduit 128, which

includes a distribution outlet 0 and is in fluid communication with the feed conduit

128. A profiling system 132 (see FIG, 3) adapted to iocaliy vary the size of th

distribution outlet 130 of th distribution conduit 1 8 can also b provided,

[0060 Referring to FIG. 1, the feed conduit 1 2 extends generally along a

transverse axis or cross-machine direction 80, which is substantially perpendicular to a

longitudinal axis or machine direction 50. The f irst feed inlet 124 is n spaced

relationship with the second feed inlet 125. The first feed inlet 124 and the second feed

inlet 125 define respective openings 4 1 5 that have substantially the same area.

The iHustrated openings 134, 135 of the first and second feed inlets 124, 125 both have

a circular cfo&s-sectionaJ shape as illustrated in this example. In other embodiments,

the cross-sectional shape of the feed i e s 124, 5 can take other forms, depending

upon the intended applications and process conditions present.

[0061 The first and second feed inlets 4 , 125 are in opposing relationship to each

other along the cross-machine axis 60 such that the first and second feed inlets 4 ,

125 are disposed at substantially a 90° angle to the machine axis 50. in other

embodiments the first and second feed inlets 124, 25 can be oriented in a different

manner with respect to the machine direction. For example, in some embodiments, the

first and second feed inlets 1 4 125 can be at an angle between 0° and about 135* with

respect to the machine direction 50.

[0062J The feed conduit 122 includes first and second entry segments 36, 137 and

a bifurcated connector segment 139 disposed between the first and second entry

segments 136, 37. The first and second entry segments 36, 7 are generally

cylindrical and extend along the transverse axis 60 such that they are substantially



parallel to a plane 57 defined by the longitudinal axis 50 and th transverse axis 60.

The first and second feed in!ets 1 4 , 5 are disposed at the distal ends of the first and

the second entry segments 6, 137, respectively, and are in fluid communication

therewith,

[00631 other embodiments the first and second feed inlets 4 , 5 and the first

and second entry segments 138, 137 can be o ented i a different manner w t respect

to the transverse axis 60, the machine direction 50, and/or the plane 57 defined by the

longitudinal axis 50 and the transverse axis 80, For example, in so e embodiments,

the first and second feed inlets 1 4 , 5 and th first and second entry segments 136,

137 can each be disposed substantially in the plane 57 defined by the longitudinal axis

50 and the transverse axis 60 at a feed angle 8 with respect to the longitudinal axis or

machine direction 50 which is an angle in a range up to about 135° with respect to the

machine direction 50, and in other embodiments in a range from about 30° to about

135°, and i ye other embodiments i a range from about 45° to about 135°, and in sti!l

other embodiments in a range from about 40° to about 1 °.

[0 64 The bifurcated connector segment 139 is in fluid communication with the first

and second feed iniets 124, 5 and the first and the second entry segments 138, 137.

The bifurcated connector segment 139 includes first and second shaped ducts 141,

143. The first and second feed inlets 124, 125 of the feed conduit 22 are in fluid

communication with the first and second shaped ducts 141 , 143, respectively. The first

and second shaped ducts 141, 143 of the connector segment 139 are adapted to

receive a first flow in a first feed direction 0 and a second flow in a second flo

direction 1 of aqueous calcined gypsum slurry from the first and second feed inlets

124, 125, respectively, and to direct the first and second flows 190, 191 of aqueous

calcined gypsum slurry into the distribution conduit 128,

(00651 shown in FIG. 5, the first and second shaped ducts 14 1, 143 of the

connector segment 139 define first and second feed outlets 140, 145 respectively i

fluid communication with the first and second feed inlets 1 4, 5. Each feed outlet

140, 145 is in fluid communication with the distribution conduit 128. Each of the

illustrated first and second feed outlets 140, 45 defines an opening 142 with a



generally rectangular inner portion 147 and a substantially circular side portion 149,

The circular side portions 14 are disposed adjacent side walls 1, 3 of the

distribution conduit 8.

[0066] n embodiments, the openings 142 of the first and second feed outlets 0 ,

145 can have cross-sectional area that s larger than the cross-seciionai area of the

openings 134, 1 5 of the first feed inlet 4 and the second feed inlet 5, respectively.

For example, in some embodiments, the cross-sectional area of the openings 42 of the

first and second feed outlets 140, 45 can be in a range from greater than to about

300% greater than the cross-sectional area of the openings 1 4 , 5 o the first feed

inlet 1 4 and the second feed inlet 25 respectively, in a range from greater than to

about 200% greater in other embodiments, an i a range from greater than to about

0% greater in still other embodiments.

[0067 in embodiments, the openings 142 of the first and second feed outlets 140

145 can have a hydraulic diameter 4 cross-sectional area / perimeter) that is smaller

than the hydraulic diameter of the openings 4 , 135 of the first feed iniet 1 4 and the

second feed inlet 125, respectively. For example, in some embodiments, the hydraulic

diameter of the openings 142 of the first and second feed outlets 140, 145 can be about

80% or iess than the hydraulic diameter of the openings 134, 1 5 o the first feed inlet

4 and the second feed inlet 5, respectively, about 70% or less in other

embodiments, and about 50% or less in still other embodiments

[8068! Referring back to FIG. , the connector segment 139 s substantially parallel

to the plane 57 defined by the longitudinal axis 50 and the transverse axis 60. In other

embodiments the connector segment 1 9 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 longitudinal axis 50 and the transverse axis 60.

[0069] The first feed inlet 124, the first entry segment 136, and the first shaped duct

141 are a mirror image of the second feed inlet 125, the second entry segment 137, and

the second shaped duct 143, respectively. Accordingly, it will be understood that the

description of one feed inlet is applicable to the other feed inlet, the description of one



entry segment is applicable t the other entry segment and the description of one

shaped duct s applicable to the other shaped duct, as well in a corresponding manner

{0070 The first shaped duct 4 1 is fiuid!y connected to the first feed inlet 4 and

the first entry segment 36. The first shaped duct 141 is also fluidly connected to the

distribution conduit 128 to thereby help f u dfy connect the first feed inlet 1 and the

distribution outlet 130 such that the first flow 190 of slurry can enter the first feed inlet

124; travei through the first entry segment 6 the first shaped duct 141, and the

distribution conduit 28; and be discharged fro the siurry distributor 120 through the

distribution outiet 130.

[00711 The first shaped duct 141 has a front, outer curved wa ! 157 and an opposing

rear, inner curved waii 1 8 defining a curved guide surface 165 adapted to redirect the

first flow of siurr from the first feed fl o direction 0, which is substantially parallel to

the transverse or cross-machine direction 60 to an outlet flow direction 192, which is

substantially parallel to the longitudinal axis or machine direction 50 and substantially

perpendicular to the first feed flow direction 190, The first shaped duct 1 is adapted

to receive the first flo of siurr moving in the first feed flow direction 190 and redirect

the siurry fio direction b a change in direction angle a , as shown in FIG. 9 such that

the first flow of siurr s conveyed into the distribution conduit moving substantially

in the outlet flow direction 192.

G7 2J n use, the first flow of aqueous calcined gypsum siurry passes through the

first feed inlet 124 in the first feed direction 190, and the second fiow of aqueous

calcined gypsum siurry passes through the second feed inlet 1 5 in the second feed

direction 1, Th first and second feed directions 190, 1 can be symmetrical with

respect to each other along the longitudinal axis 50 in some embodiments. The first

fiow of s iurr moving in the first feed fiow direction 190 is redirected in the slurry

distributor 120 through a change in direction angle in range up t about 135° to the

outiet fiow direction 192 The second flow of slurry moving in the second feed flow

direction 1 s redirected in the slurr distributor 120 through a change n direction

angle a in a range up to about 135' to the outlet flow direction 2 . The combined first

and second flows 0, 1 of aqueous calcined gypsum slurr discharge from the slurry



distributor 120 moving generally in the outlet flow direction 192. The outlet flow

direction 1 can be substantially parai!el to the longitudinal axis or machine direction

0.

7 J For example, n the illustrated embodiment, the first flow of slurry s redirected

fro the first feed flow direction 1 0 along the cross-machine direction 80 through a

change in direction angle a of about ninety degrees about the vertical axis 55 to the

outlet flow direction 19 along the machine direction 50. n some embodiments, the

flow of slurry can be redirected from a f irs feed flow direction 0 through a change in

direction angle a about the vertical axis 55 which is in a range up to about 35 to the

outlet flow direction 192, and other embodiments in a range from about 30° to about

135°, and in yet other embodiments in a range from about 45° to about 35 , and in still

other embodiments in a range from about 40 to about 1

[0074J in some embodiments, the shape o the rear curved guide surface 165 can be

generally parabolic, which in the illustrated embodiment can be defined by a parabola of

the form Ax +B In alternate embodiments, higher order curves may be used to define

the rear curved guide surface 1 5 or, alternatively, the rear, inner wall 158 can have a

generally curved shape that is made up of straight or linear segments that have been

oriented at their ends to collectively define a generally curved wall. Moreover, the

parameters used to define the specific shape factor of the outer wa l ca depend on

specific operating parameters of the process which the slurry distributor will be used

7 5J At least one of the feed conduit 122 and the distribution conduit 8 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 2 toward the distribution conduit 8. The first entry

segment 136 and/or the first shaped duct 141 can have a cross section tha varies

along the direction of flow to help distribute the first flow of slurr moving therethrough.

The shaped duct 141 can have a cross sectional; ow area that increases n a first flow

direction 5 from the firs feed inlet 1 4 toward the distribution conduit 1 8 such that

the first flow of slurry is decelerated as i passes through the first shaped duct 141 . In

some embodiments, the first shaped duc 141 ca have a maximum cross-section flow



area at a predetermined point along the first flow direction 5 and decrease from the

maximum cross-sectional flow area at points further along the first flow direction 5 .

[0076] !n some embodiments, the maximum cross-sectional flow area of the first

shape uct 141 is about 200% of the cross-sectional area of the opening 4 of the

first feed inlet 124 or less in yet other embodiments, the maximum cross-sectionai flow

area of the shaped duct 141 s about 150 of the cross-sectional area of the opening

134 of the first feed inlet 4 or less. In stilt other embodiments, the maximum cross-

sectionai flow area of the shaped duct 141 is about 125% of the cross-sectionai area of

the opening 34 of the first feed in!et 124 or less. n yet other embodiments, the

maximum cross-sectional flow area of th shaped duct 141 is about 10% of the cross-

sectionai area of the opening 134 of the first feed inlet 124 or less in some

embodiments, the cross-sectional flow area is controlled such that the flow area does

not vary more than a predetermined amount over a given length to he p prevent large

variations in the flo regime.

[00771 some embodiments, the first entry segment 6 and/or the first shaped

duct 141 can include one or more guide channels 187, 188 that are adapted to heip

distribute the first flow of slurry toward the outer and/or the inner wails 157, 158 of the

feed conduit 122. The guide channels 167, 168 are adapted to increase the flow of

slurry around the boundary wa i layers of the slurry distributor 120.

[ 07 J Referring to F G S . 1 and 5, the guide channels 7 , 68 can be configured to

have a larger cross-sectionai area than an adjacent portion 1 of the feed conduit 2

which defines a restriction that promotes flow to the adjacent guide channel 7, 8

respectively disposed at the wall region of the slurr distributor 120. In the illustrated

embodiment, the feed conduit 12 includes the outer guide channel 167 adjacent the

outer wait 7 and the sidewail 1 of the distribution conduit 8 and the inner guide

channel 168 adjacent the inner wal! 158 of the first shaped duct 141 . The cross-

sectionai areas of the outer and inner guide channels 167, 168 can become

progressively smaller moving in the first flow direction 1 5. The outer guide channel

187 can extend substantially along the sidewail 161 of the diStrtbutson conduit 128 to the

distribution outlet 0 . At a given cross-sectional location through the first shaped duct



141 i a direction perpendicular to the first flow direction 5, the outer guide channel

187 has a larger cross-sectionai area than the inner guide channel 188 to help divert the

first fiow of slurr from its initial line of movement in the first feed direction 0 toward

the outer wa l 7.

7 | Providing guide channels adjacent wail regions can help direct or guide slurry

flow to those regions, which can be areas in conventional systems where "dead spots"

of !ow slurry fiow are found. By encouraging slurry f ow at the wall regions of the slurry

distributor 0 through the provision of guide channels, slurry buildup inside the slurry

distributor is discouraged and the cleanliness of the interior of the slurry distributor 120

can be enhanced. The frequency of slurry buildup breaking off to lumps which can

tear the moving web of cover sheet material can also be decreased.

8 J n other embodiments, the relative sizes of the outer and inner guide channels

187, 188 can be varied to help adjust th slurry flow to improve f ow stability and reduce

the occurrence of air-liquid slurry phase separation. For example, in applications using

a sl ry that is relatively more visco , at a giv cross-sectional location through the

first shaped duct 141 in a direction perpendicular to the first flow direction 95, the outer

guide channel 1 7 can have a smailer cross-sectional area than the inner guide channel

188 to help urge the first fiow of slurry toward the inner wall 158.

0 1J The inner curved walls 158 of the first and second shaped ducts 14 , 142

meet to define a peak 175 adjacent an entry portion 52 of the distribution conduit 128.

The peak 6 effectively bifurcates the connector segment 9, Each feed outlet 140,

145 is in fluid communication with the entry portion 152 of the distribution conduit 128.

[ 82J The !ocation of the pea 5 along the longitudinal axis 50 can vary in other

embodiments. For example, the inner curved wails 1 8 of the first and second shaped

ducts 141, 4 can be less curved in other embodiments such tha the peak 175 is

further away from the distribution outlet 30 along the longitudinal axis 50 than as

shown n the illustrated slurry distributor 120. in other embodiments, the peak 175 can

be closer to the distribution outiet 1 0 along the longitudinal axis 50 than as shown in

the illustrated slurry distributor 120.



[0083] The distribution conduit 8 is substantially parallel to the plane 57 defined by

the longitudinal axis 5 and the transverse axis 6 and is adapted to urge the combined

first a d second flows of aqueous calcined gypsum slurr from the first and second

shaped ducts 1 , 142 into a generally two-dimensional flo pattern for enhanced

stability and uniformity. The distribution outlet 130 has a width that extends a

predetermined distance along the transverse axis 60 and a height that extends along a

vertical axis 55, which is mutually perpendicular to the longitudinal axis 50 and the

transverse axis 80. The height of the distribution outlet 130 is small relative to its width.

The distribution conduit 128 can be oriented relative to moving web of cover sheet

upon a forming table such that the distribution conduit 128 is substantially parallel to the

moving web.

[0084 The distribution conduit 1 8 extends generally along the longitudinal axis 50

and includes the entry portion 152 and the distribution outlet 130. The entry portion 2

in fluid communication with the first and second feed inlets 24, 125 of the feed

conduit 2. Referring t FIG. 5 the entry portion 152 is adapted to receive both the

first and the second flows of aqueous calcined gypsum slurry from the first and second

feed inlets 124, 125 of the feed conduit 122. The entry portion 152 of the distribution

conduit 28 includes a distribution inlet 4 in fluid communication with the first and

second feed outlets 140, 145 of the feed conduit 122. The illustrated distribution inlet

154 defines an opening 158 that substantially corresponds to the openings 142 of the

first and second feed outlets 0, 5. The first and second flows o aqueous calcined

gypsum slurry combine in the distribution conduit 1 such that the combined flows

move generally in the outlet flow direction 2 which can be substantially aligned with

the line of movement of a web of cover sheet material moving over a forming table in a

wallboard manufacturing line.

[0085] The distribution outlet 1 0 is in fluid communication with the entry portion 152

and thus the first and second feed inlets 4 , 125 and the first and second feed outlets

140, 145 of the feed conduit 1 2. The distribution outlet 130 is in fluid communication

with the first and second shaped ducts 14 , 143 and is adapted to discharge the



combined first and second flows of slurry therefrom along the outlet flow direction 2

upon a web of cover sheet materia! advancing along the machine direction 50

[0086] Referring to FIG. , the illustrated distribution outlet 0 defines a generally

rectangular opening 181 wit semi-circular narrow ends 3, 5, The semi-circular

ends 183, 1 of the opening 181 of the distribution outlet 130 can be the terminating

end of the outer guide channels 7 disposed adjacent the side wails 1, 3 of the

distribution conduit 8 .

87J The opening 181 of the distribution outlet 130 has an area which s greater

than the su o the areas of the openings 134, 35 of the first and second feed inlets

124, 125 and is smaller than the area of the sum of the openings 142 of the first and

second feed outlets 140, 145 (i.e., the opening 1 of the distribution inlet 154).

Accordingly, the cross-sectional area of the opening 15 of the entry portion 152 of the

distribution conduit 1 8 Is greater than the cross-sectional area of the opening 181 of

the distribution outlet 130.

[0088] For example, in some embodiments, the cross-sectional area of the opening

1 1 of the distribution outlet 130 ca be in range from greater than to about 400%

greater than the sum of the cross-sectional areas o the openings 134, 35 of the first

and second feed inlets 124, 25, n a range from greater than to about 200% greater in

other embodiments, and n a range from greater than to about 150% greater in still other

embodiments. n other embodiments, the ratio of the sum of the cross-sectional areas

of the openings 134, 5 of the first and second feed inlets 124, 126 to the cross-

sectional area of the opening 181 of the distribution outlet 30 can be varied based

upon on or more factors, including th speed of the manufacturing line, the viscosity of

the slurry being distributed by the distributor 120, the width of the board product being

made with the distributor 0, etc n some embodiments, the cross-sectional area of

the opening 6 of the entr portion 1 of the distribution conduit 128 can be in a

range from greater tha to about 200% greater than the cross-sectionai area of the

opening 1 of the distribution outlet 130, in a range f o greater than to about 0%

greater in other embodiments, and in a range from greater than to about 125% greater

in still other embodiments.



[0 8 The distribution outlet 30 extends substantially along the transverse axis 60.

The opening 181 of the distribution outlet 13 has a width VV of about twenty-four

inches along the transverse axis 60 and a height H of about one inch along the vertical

axis 55 (see FIG, 3, also). n other embodiments, the size and shape of the opening

181 of the distribution outlet 130 can be varied.

0 distribution outlet is disposed intermediately aiong the transverse

axis 60 between the first feed inlet 1 4 and the second feed inlet 1 5 such that the first

feed inlet 4 and the second feed inlet 5 are disposed substantially the same

distance from a transverse central midpoint 187 of the distribution outlet 30 (see

F(G, 3, also). The distribution outlet 130 can be made from a resiiiently flexible material

such that its shape is adapted to be variable along the transverse axis 60, such as by

the profiling system 32 for example.

[009 1 ft is contemplated that the width W and/or height H of the opening 181 of the

distribution outlet 130 can be varied in other embodiments for different operating

conditions. n 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 and/o width of manufactured

product), the speed of th manufacturing line being used, the rate of deposition of the

slurry through the distributor, the viscosity of the slurry, and the like. For example, the

width along the transverse axis 60, of the distribution outlet 130 for use in a

waiiboard manufacturing process, which conventionally is provided in nominal widths no

greater than fifty-four inches, can be within a range from about eight to about fifty-four

inches in some embodiments, and in other embodiments within a range from about

eighteen inches to about thirty inches, i other embodiments, the ratio of the width ,

along the transverse axis BO, of the distribution outlet 30 to the maximum nominal

width of the panel being produced on the manufacturing system using the slurry

distributor constructed according to principles of the present disclosure can be in

range about 1/7 to about 1, in a range from about 1/3 to & in other

embodiments, in a range from about 3 to about 2/3 in yet other embodiments, and in a

r ge from about 1/2 to about 1 in st l other embodiments.



[00923 T height of the distribution outiet can be within a range from about 3/

inch to about two inches in some embodiments, and in other embodiments between

about 3/16 inch and about an nch n some embodiments including a rectangular

distribution outlet, the ratio of the rectangular width to the rectangular height of the outlet

opening can be about 4 or more, in other embodiments about 8 or more, in some

embodiments from about 4 to about 288, in other embodiments from about 9 t about

288, n other embodiments from about 8 to about 8 and in sti i other embodiments

from about to about 0.

[0093] Th distribution conduit 8 includes a converging portion 82 in fluid

communication with the entry portion 2. The height of the converging portion 182 is

less than the height at the maximum cross-sectional flow area of the first and second

shaped ducts 1 , 1 3 and less than the height of the opening 1 of the distribution

outlet 130. n some embodiments, the height of the converging portion 182 can be

about half the height of the opening 81 o the distribution outiet 130.

[0094] converging portion 2 and the height of the distribution outlet 0 can

cooperate together to he control the average velocity o the combined first and second

flows of aqueous calcined gypsum being distributed from the distribution conduit 28.

The height and/or width of the distribution outlet 13 can be varied to adjust the average

velocity of the combined first and second flows of slurry discharging from the slurry

distributor 120.

[ 09 tn some embodiments, the outiet flo direction 1 2 is substantially parallel to

the plane 57 defined by the machine direction 50 and the transverse cross-machine

direction 0 of the system transporting the advancing web of cover sheet material. n

other embodiments, the first and second feed directions 190, 191 a d the outlet flow

direction 1 are all substantially parallel to the plane 57 defined by the machine

direction 50 and the transverse cross-machine direction 80 of the system transporting

the advancing web of cove sheet material. I some embodiments, the slurr distributor

can be adapted and arranged with respect to the forming table such that the flo of

slurry is redirected in the slurry distributor 120 from the first and second feed directions



0, 1 to the outlet flow direction 192 without undergoing substantial flow redirection

by rotating about the cross-machine direction 60.

(0096J In some embodiments, the slurry distributor can be adapted a d arranged

with respect to the forming table such that the first and second flows o slurry are

redirected in the siurry distributor fro the first and second feed directions 190, 1 to

th outlet flow direction 1 2 by redirecting th first and second flows of siurry by rotating

about the cross-machine direction 60 over an angle o about forty-five degrees or iess.

Such a rotation can be accomplished in some embodiments by adapting the siurry

distributor such that the first and second feed inlets 1 4 , 26 and the first and second

feed directions 190, 1 of the first and second flows of slurry are disposed at a vertica!

offset angle with respect to the vertical axis 55 and the plane 7 formed by the

machine axis 50 and the cross-machine axis 60. In embodiments, the first and second

feed inlets 124, 125 and the first and second feed directions 190, 1 1 o the first and

second flows of siurry can be disposed at a vertical offset angle within a range from

zero to about sixty degrees such that the flow of slurry Is redirected about the machine

axis 50 and moves along the vertical axis 55 in the slurry distributor 120 from the first

and second feed directions 1 0, 191 to the outlet flo direction 192. n embodiments,

at least one of th respective entry segment 138, 137 and the shaped ducts 141 , 143

can be adapted to facilitate th redirection of the siurr about the machine axis 5 and

along t e vertical axis 55. n embodiments, the first and second flows of siurry can be

redirected from the first and second feed directions 190, through a change in

direction angle about an axis substantially perpendicular to vertical offset angle

and/or one or more other rotational axes within a range of about forty-five degrees to

about one hundred fifty degrees to the outlet flow direction 192 such that the outlet flow

direction 192 is generally aligned with the machine direction 0,

(0097J In use, f st and second flows of aqueous calc ed gypsum siurry pass

through the first and second feed inlets 1 4, 125 in converging first and second feed

directions 0, 191 . The first and second shaped ducts 141 , 3 redirect the first and

second flows of slurry from the first feed direction 190 and the second feed direction

19 s that the first and second flows of slurr move over a change in direction angle a



from bot being substantially parallel to the transverse axis 60 to both bei g

substantially parallel to the machine direction 50. The distribution conduit 8 can be

positioned such that it extends along the longitudinal axis 50 which substantially

coincides with the machine direction 50 alon which a web of cover sheet material

moves in a method making a gypsum board. The first and second flows of aqueous

calcined gypsum slurry combine in the slurry distributor 0 such that the combined first

and second flows of aqueous calcined gypsum slurry pass through the distribution outlet

130 in the outlet flow direction 2 generally along the longitudinal axis 50 and in the

direction of th machine direction

[0098] Referring to F G. 2 , a slurry distributor support 100 can be provided t help

support the slurry distributor 1 0, which in the illustrated embodiment is made from a

flexible material, such as PVC or urethane, for example. The siurry distributor support

100 can be made from a suitable rigid material to help support the flexible slurry

distributor 120. The slurry distributor support 1 0 can include a two-piece construction.

The two pieces 1, 03 can be pivotaiiy movable with respect to each other about a

hinge 5 at the rear end thereof t allow for ready access to an interior 107 of the

support 100. The interior 07 of the support 1 0 can be configured such that the

interior 107 substantially conforms to the exterior of the slurry distributor 1 0 to help

limit the amount of movement the slurry distributor 0 can undergo with respect to the

support 00 and/or to help define the interior geometr of the siurry distributor 120

through which a slurry will flow,

[0099 Referring to FIG. 3 , in some embodiments, the slurry distributor support 100

can be made from a suitable resiliency flexible material that provides support and is

able to be deformed in response to the profiling system 132 mounted to the support

100. The profiling system 1 2 can be mounted to the support 100 adjacent the

distribution outlet 130 of the slurry distributor 120. The profilsng system 132 so installed

can act to vary the size and/or shape of the distribution outlet 130 of the distribution

conduit 1 by also varying the size and/or shape of the closely conforming support

100, which in turn, influences the size and/or shape of the distribution outlet 130.



[00 0 Referring to FIG. 3 , the profiling system 32 can be adapted to selectively

change the s z and/or shape of the opening 181 of the distribution outlet 130. In some

embodiments, the profiling system can be used t selectively adjust the height of the

opening 1 of the distribution outlet 130.

[00 1] The illustrated profiling system 132 includes a plate 90, a plurality of mounting

bolts 92 securing the plate to the distribution conduit 1 8, and a series of adjustment

bolts 94, 95 threadtngly secured thereto. The mounting bolts 92 are used to secure the

plate 90 to the support 0 adjacent the distribution outlet 1 0 of the slurry distributor

120. The plate 90 extends substantially along the transverse axis 80. In the illustrated

embodiment, the plate 90 is in the form of a length of angle iron. n other embodiments,

the plate 90 can have different shapes and can comprise different materials. In still

other embodiments, the profiling system can include other components adapted to

selectively change th size and/or shape of the opening 1 of the distribution outlet

130.

00 02] The illustrated profiling system 1 2 is adapted to locally vary along the

transverse axis 80 the size and/or shape of the opening 181 of the distribution outlet

30. The adjustment bolts 94, 95 are in regular, spaced relationship to each other

along the transverse axis 60 over the distribution outlet 130. The adjustment bolts 94,

95 are independently adjustable to locally vary th size and/or shape of the distribution

outlet 130.

[ 0 3] The profiling system 1 2 can be used to locally var the distribution outlet 1 0

so as to alter the flow pattern of the combined first and second flows of aqueous

calcined gypsum slurry being distributed from the slurry distributor 120, For example,

the mid-line adjusiment bolt 95 can be tightened down to constrict the transverse central

midpoint 1 7 of the distribution outlet 130 to increase the edge flow angle away from the

longitudinal axis 50 to facilitate spreading in the cross-machine direction 60 and to

improve the slurry flow uniformity in the cross-machine direction 60.

[001 04] The profiling system 132 can be used to vary the size of th distribution outlet

130 along the transverse axis 60 and maintain the distribution outlet 130 in the new

shape. The plate 90 can be made from a material that is suitabl strong such that the



plate 90 ca withstand opposing forces exerted by the adjustment bolts 94, 95 in

response to adjustments made by the adjustment bolts 94, 95 in urging the distribution

outlet 30 into a new shape. The profiling system 2 can be used to help even out

variations n the fl o profile of the slurry (for example, as a result of different slurry

densities and/or different feed inlet velocities) being discharged from the distribution

outlet 1 0 such that the exit pattern of th slurry from th distribution conduit 1 8 s

more u form

[001 OS] other embodiments, the number of adjustment bolts can be varied such

that the spacing between adjacent adjustment bolts changes n other embodiments,

such as where the width W of the distribution outlet 0 is different, the number of

adjustment bolts can also be varied to achieve a desired adjacent bolt spacing, In yet

other embodiments, the spacing between adjacent bolts can vary along the transverse

axis 80, for example to provide greater locally-varying control at the side edges 3,

5 of the distribution outlet 3

[00 6 A slurry distributor constructed in accordance with principles of the present

disclosure can comprise an suitable material. In some embodiments, a slurry

distributor can comprise any suitable substantially rigid mate al which can include a

suitable material which can allow the size and shape of the outlet to be modified using

profile system, for example. For example, a suitably rigid plastic, such as ultra-high

molecular weight UH W) plastic, or metal can be used. In other embodiments, a

slurr distributor constructed in accordance with principles of the present dtsciosure can

be made from a flexible material, such as a suitable flexible plastic materiat, including

poly vinyl chloride (PVC or urethane, for example. In som embodiments, a slurry

distributor constructed n accordance with principles of the present disclosure can

include a single feed nle entry segment, and shaped duct which is in fluid

communication with a distribution conduit.

[00 73 gypsum slurry distributor constructed i accordance with principles of the

present disclosure can be used to help provide a wide cross machine distribution of

aqueous calcined gypsum slurry to facilitate the spreading of high viscous/lower WSR

gypsum slurries on a web of cover sheet material moving over a forming table. The



gypsum slurry distribution system can be used to help control air-slurry phase

separation, as well.

{00 8 n accordance with another aspect of the present disclosure, a gypsum siurry

mixing a d dispensing assembly can include a slurry distributor constructed in

accordance with principles of the present disclosure. The siurry distributor can be

placed in fluid communication with a gypsum siurry mixer adapted to agitate water and

calcined gypsum to form an aqueous calcined gypsum slurry. I one embodiment the

siurry distributor s adapted to receive a first flow and a second flow o aqueous calcined

gypsum slurry from the gypsum slurry mixer and distribute the first and second flows of

aqueous calcined gypsum siurr onto an advancing web.

[00 9] The slurry distributor can comprise a part of, or ac as, a discharge conduit of

a conventionai gypsum siurr mixer e g., a pin mixer) a is known in the art. The siurry

distributor can be use with components of a conventional discharge conduit. For

example, the siurry distributor can be use with components of a gate-canister-boot

arrangement as known the art or of the discharge conduit arrangements described in

U..S. Patent Has, 6,494,609; 8,874,930; 7,007,914; and 7,296,919.

[00 0] A siurry distributor constructed n accordance with principles of the present

disclosure can advantageously be configured a a retrofit in an existing wa!iboard

manufacturing system. The slurry distributor preferably can be used to replace a

conventionai single o multiple-branch boot used in conventional discharge conduits.

This gypsum slurry distributor can be retrofitted to an existing slurry discharge conduit

arrangement, such as that shown in U.S. Patent No. 6,874,930 or 7,007,914, for

example, as a replacement for the distal dispensing spout o boot. However, in some

embodiments, the slurry distributor may, alternative iy, be attached to one or more boot

Gut t(s .

[001 11 Referring to FIGS. 4 and 5, the siurry distributor 220 is similar to the slurry

distributor 0 of FIGS. 1-3, except that it is constructed from a substantially rigid

material. The interior geometry 207 of the siurry distributor 220 of FIGS. 4 and 5 is

similar to that of the slurry distributor 1 0 of FIGS. 1-3, and like reference numerals are

used to indicate like structure. The interio geometry 207 of the slurry distributor 207 is



adapted to define a f ow path for t e gypsum s!urry traveling therethrough which is of

the manner of a streamline flow, undergoing reduced or substantially no air-liquid slurry

phase separation and substantially without undergoing a vortex fio path.

[00 12] n some embodiments, the slurry distributor 220 can comprise any suitable

substantially rigid material which can include a suitable material which can a o the

size and shape of the outlet 0 to be modified using a profile system, for exampie. For

example, a suitably gid piastic, such as H W piastic, o metal can be used.

[001 3 Referring to FIG. 4 the slurry distributor 220 has a two-piece construction.

An upper piece 221 of t e slurry distributor 220 includes recess 227 adapted t

receive a profiling system 2 therein. The two pieces 221, 223 can be pivotalSy

movable with respect to each other about a hinge 205 at the rear end thereof t allow

for ready access to an interior 207 of the slurry distribuior 220. Mounting holes 229 are

provided to facilitate the connection of the upper piece 221 a d its mating lower piece

223.

[001 4] Referring to FIGS. 6-8, another embodiment of a slurry distributor 320

constructed in accordance with principles of the present disclosure is shown which is

constructed from a rigid materiai. The slurry distributor 320 o FIGS. 8-8 is similar to the

slurry distributor 220 of FIGS. 4 and 5 except that the first and second feed inlets 324.

325 and the first and second entry segments 336, 33 of the siurry distributor 320 o

FIGS. 6-8 are disposed at a feed ang!e Θwith respect to the longitudinal axis or

machine direction 50 of about 60"' (see FIG, 7),

[001 5] The siurr distributor 320 has a two-piece construction including an upper

piece 321 and its mating ower piece 323. The two pieces 321, 323 of the siurry

distribuior 320 can be secured together using any suitable technique, such as b using

fasteners through corresponding number of mounting holes 329 provided in each

piece 321, 323, for example. The upper piece 321 of the siurry distributor 320 includes

a recess 327 adapted to receive a profiling system 2 therein. The siurry distributor

320 of FIGS. - is similar in other respects to the slurr distributor 220 of FIGS, 4 and

5.



00 6 Referring to FIGS. 9 and 10, the lower piece 323 of the slurry distributor 320

of FIG. 6 is shown. The lower piece 323 defines a first portion 331 o the interior

geometry 307 of the slurry distributor 320 of FIG. 6 The upper piece 323 defines a

symmetrical second portion of th interior geometry 307 such that when the upper and

lower pieces 321 , 323 are mated together, as shown in FIG. 8, they define the complete

interior geometry 307 of the slurry distributor 320 of F G. 8

[00 7 Referring to FIG 9 , the first and second shaped ducts 341 , 343 are adapted

to receive the first and second flows of slurry moving in the first and second feed flow

directions 390, 391 and redirect the slurry flow direction by a change in direction angle a

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 he

machine direction or longitudinal axis 50.

[001 18] FIGS. 1 and depict another embodiment of a slurry distributor support

300 for us with the slurry distributor 320 of FIG. 6 . The slurry 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 , 30 can be secured to

the distributor through any suitable means. In use, the support plates 301 , 302 can help

support th slurry distributor 320 in place over a machine line including conveyor

assembly supporting and transporting a moving cover sheet. The support piates 301,

302 can be mounted to appropriate uprights placed on either side of the conveyor

assembly.

[001 9J FIGS. 13 an 14 depict yet another embodiment of a slurry distributor support

31 for use with the slurry distributor 320 of FIG. 6 . which also includes top and bottom

support plates 31 31 . Cutouts 3 , 314, 3 in the top support plate 311 can make

the support 310 lighter than it would otherwise be and provide access to portions of the

slurry distributor 320, such as those portions accommodating mounting fasteners, for

example. The slurry distributor support 310 of FIGS. 3 and 14 can be similar in other

respects to th slurry distributor support 300 of FIGS and 12.

[ 0120 FIGS. 15-19 illustrate another embodiment of a slurry distributor 420, which is

similar to the slurry distributor 320 of FIGS. 6-8, except that it is constructed from a



substantially flexible material. The slurry distributor 420 of FIGS, - also includes

first and second feed inlets 324, 325 and first and second entry segments 336, 337

whic are disposed at a feed angle Θwith respect to 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 slurry distributor 320 of FIGS. 6-8, and like

reference numerals are used to indicate like structure.

100121] FIGS. 17-19 progressively depict the interior geometry of the second entry

segment 337 and the second shaped duct 343 of the slurry distributor 420 o F GS. 1

and 16. The cross-sectional areas 4 1 , 413, 14 of the outer and inner guide

channels 367, 368 can become progressively smaller moving in a second flow direction

397 toward the distribution outlet 330. The outer guide channel 367 can extend

substantially along the outer wall 357 of the second shaped duct 343 and along the

sidewall 353 of the distribution conduit 328 to the distribution outlet 330, The nner

guide channel 36 s adjacent the inner wall 358 of the second shaped duct 343 and

terminates at the pea 375 o the bisected connector segment 339. The slurry

distributor 42 of FIGS. -19 is similar in other respects to the slurry distributor 120 o

FIG. 1 and the slurry distributor 320 of FIG. 8 .

[001 22] Referring to FIGS. 20 and 2 , the illustrated embodiment of the slurry

distributor 420 is made from a flexible material, such as PVC or urethane, for example.

A slurry distributor support 400 can be provided to help support the slurry distributor

420. The slurry distributor support 400 can include a support member, which in the

illustrated embodiment is in the form of a bottom support tray 401 filled with a suitable

supporting medium 402 which defines a supporting surface 404. The supporting

surface 404 is configured to substantially conform to at least 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 fray

40 . In some embodiments, the supporting surface 404 can also help maintain the

interior geometry of the slurry distributor 420 through which a slurry will flow.

[001233 T e slurry distributor support 400 can a so include a movable support

assembly 406 disposed in spaced relationship t bottom support tray 40 . The movable



support assembly 405 ca b positioned above the slurry distributor 420 a d adapted t

be placed i supporting relationship with the slurry distributor 420 to help maintain the

interior geometry 307 of the slurry distributor in a desired configuration.

[00 4] The movable support assembly 405 can Include a support frame 407 and a

plurality of support segments 415, 18, 17, 418, 19 which are movably supported by

the support frame 40 The support frame 407 can be mounted to at ieast on of the

bottom support tray 401 or a suitably arranged up ght or uprights to retain the support

frame 407 in fixed relationship to the bottom support tray 40

[001253 embodiments, at least one support segment 415, 416, 417, 418, 419 is

independently movable relative to another support segment 4 1 , 16, 417, 418, 419 in

the illustrated embodiment, each support segment 415, 416, 417, 18, 419 can be

independently movabie relative to the support frame 407 over a predetermined range of

travel in embodiments, each support segment 415, 418, 417, 418, 419 is movable over

a range of travel such thai each support segment is in a range of positions over which

the respective support segment , , 4 1 , 4 , 4 9 is in increasing compressive

engagement with a portion of at least one of the feed conduit 322 and the distribution

conduit 328.

[001 26] The position of each support segment 4 , , 4 , 4 , can be

adjusted to place the support segments 415, , 4 , 4 8, compressive

engagement with at least a portion of the slurry distributor 420. Each support segment

415, 16, 417, 418, 419 can be independently adjusted to place each support segment

415, 18, 417, 418, 419 either in further compressive engagement with at least a

portion of the slurry distributor 420, thereby locally compressing the interior of the slurry

distributor 420, o r in reduced compressive engagement with at least a portion of the

slurry distributor 420, thereby allowing the interior of the slurr distributor 420 to expand

outwardly, such a in response t aqueous gypsum slurry flowing therethrough.

[00127] n the illustrated embodiment, each of the support segments 415, 416. 4 is

movable over a range of travel along the vertical axis 55. n other embodiments, at

Ieast one of the support segments can be movabie along a different line of action.



[00128] The movable support assembly 405 includes a clamping mechanism 408

associated with each support segment 415, 18, 417, 418, 419. Each damping

mechanism 408 can be adapted to selectively retain the associated support segment

415, 1 , 41 , 41 , 419 in a selected position relative to the support frame 407.

[00129] In the iiiustrated embodiment, a rod 409 is mounted to each support segment

415, 16 , 17 , 418, 419 and extends upwardly through a corresponding opening in the

support frame 407. Each damping mechanism 408 is mounted to the support frame

407 and is associated with one of the rods 409 projecting from a respective support

segment 4 , 16, 7 , 1 , Each damping mechanism 408 can b adapted to

selectively retain the associated rod 409 in fixed relationship to the support frame 407.

The illustrated damping mechanisms 408 are conventional lever-actuated clamps which

encircle the respective rod 409 and allow for infinitely variable adjustment between the

clamping mechanism 408 and th associated rod 409,

[00130] As one skilled n the art will appreciate, an suitable clamping mechanism 408

can be used in other embodiments. In some embodiments, each associated rod 409

can be moved via a suitable actuator (either hydraulic or electric, e.g.) which is

controlled via a controller. The actuator can function as a clamping mechanism by

retaining th associated support segment 415, 416, 4 , 418, 419 in a fixed position

relative to the support fra e 407.

[00131] Referring to FSG. 21, the support segments 415, 416, 417, 418, 419 can each

includ a contacting surface 501 , 502, 503, 504, 505 which s configured to substantially

conform to a surface portion of the desired geometric shape of at least one of the feed

conduit 322 and th distribution conduit 328 of the slurry distributor 420. In the

iiiustrated embodiment, a distributor conduit support segment 4 is provided which

includes a contacting surface 501 which conforms to the exterior and interior shape of a

portion of the distributor conduit 328 over which the distributor conduit support segment

415 is disposed. A pair o shaped duct support segments 416, 417 is provided which

respectively include a contacting surface 502, 503 which conforms to the exterior and

interior shape of a portion of the first and the second shaped ducts 3 , 343,

respectively, over which the shaped duct support segments 416, 17 are disposed. A



pair of entry support segments 418, 19 is provided which respectively include a

contacting surface 504, 5 5-which conforms to the exterior a d interior shape of a

portion of the first a d the second entry segments 336, 337, respectively, over which the

shaped duct support segments 418, are disposed. The contacting surfaces 501

502, 503, 504, 505 are adapted to be placed n contacting relationship with a selected

portion of the slurry distributor 420 to help maintain the contacted portion of the siurry

distributor 420 in position to help define the interior geometry 307 of the slurry distributor

420.

[00 2 n use, the movable support assembiy 405 can be operated to place each

support segment 415, 418, 17, 18, 19 independently in a desired relationship with

the slurry distributor 420. The support segments 415, 416, 17, 1 , 4 1 can help

maintain the interior geometry 307 of the siurry distributor 420 to promote the flow of

slurry therethrough and to help ensure the volume defined by the interior geometry 307

is substantially filled with siurr during use. The location of the particular contacting

surface of a given support segment 4 , 416, 7 , 4 8 , can be adjusted to modify

locally the interior geometry of the siurry distributor 420. For example, the distributor

conduit support segment 415 can be move along the vertical axis 55 cioser to the

bottom support tray 401 to decrease the height of the distribution conduit 328 in an area

over which the distributor conduit support segment 4 15 is

[00 3 n other embodiments, the number of support segments can be varied in still

other embodiments, the size and/or shape of given support segment can be varied,

[001 4 Any suitable technique for making a slurry distributor constructed in

accordance with principles of the present disclosure can be used. For example, I

embodiments where the siurry distributor is made from a flexible material, such as VC

or urethane, a multi-piece moid can be used, in some embodiments, the mold piece

areas are about 150% or iess than the area of the molded siurry distributor through

which the moid piece is being pulled during removal, about 125% or less in other

embodiments, & 1 % or less in still other embodiments, and about % or iess n

yet other embodiments.



[00 5 Referring to FIGS. 22 and 23, an embodiment of a mufti-piece moid 550

suitabie for use n maki g the slurry distributor of FIG. from a flexible material:,

such as PVC or urethane is shown. The illustrated multi-piece mold 550 includes five

mold segments 551, 552, 553, 554, 555. The moid segments 55 , 52, 553, 554, 555

of the mu t p ece moid 550 can be made from any suitable material, such as aluminum,

for example,

[00136] Each mold segment 551, 552, 553, 554, 555 includes an exterior surface

configured to define at least a portion of an interior surface of a siurry distributor. The

moid segments 551, 552, 553, 554, 555 are configured such that when the mold

segments 551 , 552, 553, 554, 555 are assembled together to form the multi-piece moid

550, the assembled mold segments define a substantially continuous exterior surface

580 adapted to be a negative image of an interior f ow region of a slurry distributor

molded thereupon, in this case the slurry distributor 120 of FIG. ,

[00 ] 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 moid segment

along a removal path out of a respective opening of the molded siurry distributor 0

which is in overlying relationship to the mold 550 when being made, The maximum

cross-sectional area of each mold segment 551, 552, 553, 554, 555 is up to about

50% of the smallest area of the interior flow regio of the molded slurry distributor 0

through which the respective mold segment 551, 552, 553, 554, 555 traverses when

moving along the respective removal path.

[001 38 n embodiments, the maximum cross-sectional area of each mold segment

551 , 552, 553, 554 555 is u to about 1 5% of the smallest area of the interior fio

region of the molded slurry distributor 20 through which the respective mo d segment

551, 552, 553, 554, 555 traverses when movin along the respective removal path, in a

range from greater than to about 50% of the smallest area of the interior fiow region of

the molded slurry distributor 120 through which the respective mo d segment 551 , 552,

553, 554, 555 traverses when moving along the respective removal path in other

embodiments, about 115 or less in still other embodiments, and about 1 % or less in

yet other embodiments.



[00 3 in the illustrated embodiment, the distributor conduit mold segment 551 is

configured to define the interior flow geometry of the distributor conduit 8 . The first

and second shaped duct mo d segments 562, 553 are configured to define the interior

flow geo etr of the first and the second shaped ducts 14 , 43. The first and second

entry mold segments 554, 55 define the interior flow geometry of the first entry

segment 36 and the first feed inlet 1 4 and of the second entry segment 37 and the

second feed inlet 1 5, respective ly n other embodiments, the multi-piece mold can

include a different number of mold segments and/or the mold segments can have

different shapes and/or sizes.

[00140] F GS, 22A-E depict various views of th first entry mold segment 554. t

should be understood that the second entry mold segment 555 s substantially a mirror

image of the first entry mold segment 554. FfGS. 22F-I depict various views of the first

shaped duct mold segment 552, it should be understood that the second shaped duct

mold segment 553 is substantially a mirror image of the first shaped duct mold segment

552. FIGS. 22 and show additional views of the distributor conduit moid segment

551 .

[00141] Referring to F SG 23, the distributor conduit mold segment 551 has a removal

path 581 which is substantially aligned with the longitudinal axis 50 The distributor

conduit mold segment 551 can be removed from the interior f ow region of the slurry

distributor 120 molded upon it by disassembling the distributor conduit mold segment

551 from the first and second shaped duct o d segments 552, 553 and the first and

second entry moid segments 554, 555 and moving the distributor conduit mold segment

551 from its assembled position, shown i F G . 23, along the removal path 581 out of

the opening 8 of the discharge outlet 130.

[00142] The first shaped duct mold segment 55 and the first entry mold segment 554

each has a removal path 582, 584, respectively, which is substantially aligned with the

transverse axis 60. The first entry mold segment 554 can be removed from the interior

flow region of the slurry distributor 1 0 molded upon f by disassembling the first entry

mold segment 554 from the first shaped duct mold segment 552 and the distributor

conduit mold segment 5 1 and moving the first entry mold segment 55 from ts



assembled position, shown in F G. 23, along th removal path 58 out of the opening

34 of the first feed inlet 4 . Once the first entry mo d segment 554 is removed, the

first shaped duct mold segment 55 can be removed from the interior flow region of the

slurry distributor 0 molded upon it b disassembling the first shaped duct moid

segment 552 from the distributor conduit moid segment 551 and moving the first shaped

duct mold segment 552 from its assembled position, shown in F G. 23, along the

removal path 582 out of the opening 34 o the first feed inlet 4 .

[00143] The second shaped duct moid segment 553 and the second entry o d

segment 555 each has a removal path 583, 585, respectively, which is substantially

aligned with the transverse axis 60. The second entry moid segment 555 can be

removed from the interior flow region of the slurry distributor 1 0 molded upon if by

disassembling the second entry mold segment 555 from the second shaped duct moid

segment 553 and the distributor conduit moid segment 551 and moving the second

entry mold segment 555 from its assembled position, show in F G. 23, along the

removal path 585 out of the opening 5 of the second feed inlet 1 5. Once the second

entry mold segment 555 is removed, the second shaped duct mold segment 553 can be

removed from the interior flow region of the slurry distributor 120 molded upon t by

disassembling the second shaped duct mold segment 553 from the distributor conduit

mo d segment 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

5 of the second feed inlet 1 5.

[00144J In embodiments, at least two mold segments 55 , 552, 553, 554, 555 define a

respective passage therein where the passages are configured to be aligned with each

other when the respective moid segments 551, 552, 553, 554, 555 are disposed in an

assembled position so that the mold segment is disposed to define at least a portion of

the interior surface of the slurry distributor. Suitable connecting rods adapted to be

inserted through the aligned passages can be provided to interconnect the mold

segments 55 552, 553, 554, 555, In embodiments, at least three mold segments 551,

552, 553, 554, 55 can be interconnected with a suitable connecting rod.



[00145] Referring to FIG. 22, connecting boits 57 , 572, 573 can be inserted through

passages two or more moid segments to snteriock and align the mo d segments 551,

552, 553, 554, 555 such that a substantially continuous exterior surface 580 of the

multi-piece mold 550 is defined in some embodiments, a distal portion 575 of th

connecting bolts 571 , 572, 73 includes an external thread that is configured t

threading!y engage one of the mold segments 551 , 552, 553, 554, 555 to interconnect

at least two of the mold segments 55 , 552, 553, 554, 555.

[001 6 Each of the outer distributor conduit 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 connecting bolts 572 extends through aligned passages in the distributor

conduit mold segment 551 and respectively through the first and seco d shaped duet

mold segments 552, 553. The first feed conduit connecting bolt 573 extends through

aligned passages in the first entry mold segment 554 and the first shaped duct mold

segment 552. The second feed conduit connecting bolt 573 extends through aligned

passages in the second entry mold segment 555 and the second shaped duct mold

segment 553.

[00147] Referring to FIG. 23, each mold segment 55 , 552, 553, 554, 555 includes at

least one mating surface 5 , 592, 593, 594, 595, 596, 597 configured to have a shape

that is complementary to a shape of the mating surface 591 , 592, 593, 594, 595, 596,

597 of at least one other 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 to place the

moid segments 551, 552, 553, 554, 555 in the assembled position, as shown in FIG. 23.

[00148] the illustrated embodiment, the mating surface 591 of the distributor

conduit moid segment 551 matingiy complements and is adjoined with the first mating

surfaces 592, 593 of the first and second shaped duct mold segments 552, 553,

respectively. The mating surface 594 of th first entry mold segment 554 matingiy

complements and is adjoined with the second mating surface 596 of the first shaped

duct mold segment 552. The mating surface 595 of the second entry mold segment



55 mating y complements and is adjoined with the second mating surface 597 of the

second shaped duct moid segment 553.

14 The exterior surface 580 of the multi-piece mold 550 Is configured to define

the interior geometry of the molded slurr distributor 0 so that flashing at the joints is

reduced. The assembled multi-piece moid 550 can dipped into a solution of flexible

material, such as PVC or ur tha e, such that the oid 550 is completely submersed in

the solution. The mo d 55 can then be removed from the dipped material. An amount

of the solution can adhere to the exterior surface 580 of the multi-piece mold 550 which

w it constitute the molded slurry distributor 120 once the solution changes to a solid

form. In embodiments, the multi-piece mold 550 can be used in any suitable dipping

process to form the molded piece.

[001 SO] The connecting bolts 571 , 572, 573 can b removed to disassemble the multi-

piece mold 550 during removal of the mold 550 from the interior of the molded slurry

distributor 120. Access to the connecting bolls 57 , 572, 573 can be provided through

the respective openings 130, 1 3, 5 of the slurry distributor which are n fluid

communication with the interior flow region of the slurry distributor 12 .

[00 1] By making the mold 550 out of multiple separate aluminum pieces — in the

illustrated embodiment, five pieces — that have been designed to fit together to provide

the desired interior flow geometry, the mold segments 551, 552, 553, 554, 555 ca be

disengaged from each other and pulled out from the solution once it has begun to set

but while it is still warm. At sufficiently-high temperatures, the flexible material is pliable

enough to pull larger calculated areas of the aluminum mold pieces 551, 552, 553, 554,

555 through the smaller calculated areas of the molded slurry distributor 120 without

tearing it n some embodiments, the largest mold piece area is up to about 150% of

the smallest area of the molded slurry distributor cavity area through which the

particular mold piece traverses transversely during the removal process, u to about

125% i other embodiments, up to about 15% in still other embodiments, and up to

abou 10% in ye other embodiments.

[00 S2 Referring to FIG. 24, an embodiment of a multi-piece mold 650 suitable for

use in making the slurry distributor 320 of F G 6 from a flexible material, such as PVC



o urethane is shown. The illustrated multi-piece moid 8 0 includes five moid segments

851 , 652, 653, 854, 655. The mold segments 651 , 652, 653, 654, 655 of the mufti-piece

moid 550 can be made from any suitable material, such as aluminum, for example. The

mold segments 65 , 652, 653, 654, 55 are shown in a disassembled condition in FIG

24.

[00 3 Connecting bolts can be used to removably connect the mold segments 651

652, 653, 654, 655 together to assemble the moid 650 such that a substantially

continuous exterior surface of the multi-piece mold 50 is defined. The exterior surface

of the muiti-ptece mold 650 defines the internal flow geometry of the slurry distributor

220 of FIG. 6. The mold 650 can be similar in construction to the moid 550 of FIGS. 22

and 23 n thai each piece of th moid Θ50 of FIG. 24 is constructed such thai its area is

within a predetermined amount of the smallest area of the molded slurry distributor 220

through which the mold piece must traverse when it is being removed {e.g., greater tha

the smallest area of the molded slurry distributor cavity area through which th

particular mold piece traverses transversely during the removal process in some

embodiments up to about 150% n other embodiments, up to about 150% of the

smallest area of the molded slurry distributor cavity area through which the particular

mold piece traverses transversely during the removal process i some embodiments, up

to about 125% in other embodiments, up to about 1 in still other embodiments, and

up to about 1 0% in yet other embodiments). The multi-piece mold 650 of FIG. 24 can

be similar in other respects to the multi-piece mo d 650 o FIGS. 22 and 23 in other

respects.

[001 4 Various embodiments of a method of making a slurry distributor can be

practiced using an embodiment o a multi-piece mo d according to principles of the

present disclosure in one embodiment, a plurality of mold segments of a multi-piece

mold is assembled to define an exterior surface of the multi-piece mold. The assembled

muit -piece moid is dipped into a solution of flexible mate al such that at least a portion

of th multi-piece moid is submersed in the solution. The multi-piece moid is removed

from the solution such that a layer of solution adheres substantially around the exterior

surface of the multi-piece mold. The solution s allowed to cure such that an a least



partial y- i d molded sl ry distributor is formed around the multi-piece moid. The

molded slurry distributor has an interior surface defining an interior flow region. The

interior surface of the molded slurry distributor is in contacting relationship with the

exterior surface of the multi-piece mold. The molded slurry distributor defines at least

two openings each in fluid communication with the interior flow region.

£00 The multi-piece mo d i disassembled by removing each moid 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. 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 is up to about 0% of the

smallest area of the interior f ow region of th molded slurry distributor through which

the moid segment traverses when movin along the respective removai path

embodiments, at least a portion of the interior surface of the molded slurr distributor is

substantially a negative image of at least a portion of the exterior surface of the multi-

piece mold.

[ 0 8] In embodiments, at least two mo d segments can be 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. In some

embodiments, at least three mold segments are assembled together by inserting a

connecting rod through aligned passages defined therein. In embodiments, each

passage ca be 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.

[00157] in embodiments, at ieast one mold segment can be removed from the flow

region of the slurry distributor through a different opening of the molded slurry distributor

than at ieast one other mold segment. At ieast two moid segments can be removed

from the interior flo region of the siufr distributor by following a removal path through

the opening of the first feed inlet, and at least one mold segment ca b removed from



the interior ow region of the slurry distributor by following a removal path through the

opening of the distribution outlet.

[00 8] Referring to FIGS, 25 and 26 an embodiment of a mold 750 for use in

making o e of the pieces 22 , 23 of th two-piece slurry distributor 220 of FIG. 4 is

shown. Referring to FIG 25, mounting bore-defining elements 852 can be included to

define mounting bores n the piece of the two-piece slurry distributor 220 of FIG. 34

being made to facilitate its connection with the other piece.

[00 9] Referring to FIGS. 25 and 26, the moid 750 includes a mold surface 754

projecting from a bottom surface 756 of the mold 750. A boundary wail 756 extends

along the vertical axis and defines the depth of the mold. The mold surface 754 s

disposed within the boundary wall 756. The boundary wall 756 is configured to ai ow

the volume o a cavity 758 defined w i hi the boundary wall to be filled with molten moid

material such that the mold surface 754 is immersed. The mold surface 754 is

configured to be a negative image of th interior flow geometry defined by the particular

piece of the two-piece distributor being molded.

[00 0] n use, the cavity 758 of the moid 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 materia! can b allowed to cool and removed from the mold 750, Another

mo d can be used to form the mating piece of the slurry distributor 220 of FIG. 4

[00161] Referring to FIG. 27, an embodiment of a gypsum slurr mixing and

dispensing assembly 810 includes a gypsum slurry mixer 912 n fluid communication

with a slurr distributor 820 similar to the slurry distributor 320 shown in FIG. 8 . The

gypsum slurry mixer 812 is adapted to agitate water and calcined gypsum to form an

aqueous calcined gypsum slurry. Both the water and the calcined gypsum ca be

supplied to the mixer 8 via one or mo inlets as is known in the art. Any suitable

mixer (e.g., a pin mixer) can be used with the slurry distributor.

[00 2] The slurry distributor 820 is in fluid communication with the gypsum slurry

mixer 812. The slurry distributor 820 includes a first feed inlet 824 adapted to receive

first flow of aqueous calcined gypsum slurry from the gypsum slurry mixer 812 moving

in a first feed direction 890, a second feed inlet 825 adapted to receive a second flow of



aqueous cabined gypsum slurry from th gypsum slurry mixer 8 moving in a second

feed direction 891, and a distribution outlet 830 in fluid communication with both the first

and the second feed inlets 824, 82 and adapted such tha the first and second flows of

aqueous calcined gypsum slurry discharge from the slurry distributor 820 through the

distribution outlet 830 substantially along a machine direction 50

[00 3 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 324 and the

second feed inlet 825 disposed in spaced relationship to the first feed inlet 824, which

are both disposed at a feed angle Θ of about with respect to the machine direction

50. The feed conduit 822 includes structure therein adapted t receive the first and

second flows of slurry moving in the first and second feed flow direction 89 891 and

redirect the slurry flow direction by a change in direction angle (see FIG. 9) such that

the first and second flows of slurry are conveyed into the distribution conduit 828

moving substantially in the outlet flow direction 892, which is substantially aligned with

the machine direction 50. The first and second feed inlets 824, 825 each has an

opening with a cross-sectional area, and the entry portion 852 of the distribution conduit

828 has an opening with a cross-sectional area which is greater than the sum of the

cross-sectional areas of the openings of the first and second feed inlets 824, 825.

[ 0 43 The distribution conduit 828 extends generally alon the longitudinal axis or

machine direction 50, which is substantially perpendicular to a transverse axis 60. The

distribution conduit 828 includes an entr portion 852 and the distribution outlet 830

The entr 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 both

the first and the second flows of aqueous calcined gypsum slurry therefrom. The

distribution outlet 830 is in fluid communication with the entry portion 852 The

distribution outlet 8 0 of the distribution conduit 828 extends predetermined distance

along the transverse axis 60 t facilitate the discharge of the combined first and second

flows of aqueous calcined gypsum slurry in the cross-machine direction or along the

transverse axis 60. The slurry distributor 820 can be similar in other respects to the

slurry distributor 320 of FIG. 6 .



[00 5 A delivery conduit 814 is disposed between and in fluid communication with

the gypsum slurry mixer 8 and the slurry distributor 820. The delivery conduit 814

includes main delivery trunk 815, a first delivery branch 81 in fluid communication

with the first feed inlet 824 of the slurry distributor 820, and second deliver branch

8 1 in fluid communication with the second feed inlet 825 o the slurry distributor 820.

The main delivery trunk 815 is in fluid communication with both the first and second

delivery branches 817, 8 . In other embodiments, the first and second delivery

branches 8 , 81 can be in independent fluid communication with the gypsum slurry

mixer 812.

[00166] The delivery conduit 814 can be made from any suitable material and can

have different shapes. In some embodiments, the deiivery conduit 814 can comprise a

flexible conduit.

[00 7] An aqueous foam supply conduit 821 can be in fluid communication with at

least one of the gypsum slurry mixer 8 and the delivery conduit 814. An aqueous

foam from a source can b added to the constituent materials through the foam supply

condul 821 at an suitable location downstream of the mixer 8 2 and/or in the mixer

8 itself to form a foamed gypsum slurry that is provided to the slurry distributor 220.

in the illustrated embodiment, the foam supply conduit 821 is disposed downstream of

the gypsum slurry mixer 812. in the illustrated embodiment, the aqueous foam supply

conduit 821 has a manifold-type arrangement for supplying foam to an injection ring or

block associated with the deiivery conduit 814 as described in U S. Patent No.

8,874,930, fo example.

[001 8] n other embodiments, one or more foam supply conduits can be provided

that are in fluid communication with the mixer 8 . n yet other embodiments, the

aqueous foam supply conduit(s) can be in fluid communication with the gypsum slurry

mixer alone. As will be appreciated by those skilled in the art, the means for introducing

aqueous foam into the gypsum slurry in the gypsum slurry mixing and dispensing

assembly 8 , including its relative location in the assembly, can be varied and/or

optimized to provide a uniform dispersion of aqueous foam in the gypsum slurry to

produce board that is fit for its intended purpose.



[00 0] Any suitable foaming agent can be used. Preferably, the aqueous foam i

produced in a continuous mariner i which a stream of the m x of foaming agent and

water is directed to a foam generator s a stream of the resultant aqueous foam

leaves the generator and i directed to and mixed with the calcined gypsum slurry.

Some examples of suitable foaming agents are described In U.S Patent Nos. 5,683,635

and 5,643,510, for example.

[00 0] When the foamed gypsum slurry sets and is dried, the foam dispersed in the

slurry produces air voids therein which act to lower the overall density of the wa lboa

The amount of foam and/or amount of air in the foam can be varied to adjust the dry

board density such that the resulting wallboard product is within a desired weight ra ge

[00 1] One or more flow-modifying elements 823 can be associated with the delivery

conduit 8 and adapted to control the first and the second fiows of aqueous calcined

gypsum slurry from the gypsum slurry mixer 8 . The flow-modifying element(s) 823

can be used to control an operating characteristic of the first and second flows of

aqueous calcined gypsum slurry. In the illustrated embodiment of FIG. 27, the flow-

modifying e ement s) 823 is associated with the ma n delivery trunk 815. Examples of

suitable f ow-rnod fy n elements include volume restrictors, pressure reducers,

constrictor valves, canisters, etc., including those described in U.S. Pat, Nos. 494, 09 ;

6,874,930; 7,007,914; and 7,296,919, for example.

[001 2] The main delivery trunk can be joined to the first and second delivery

branches 8 , 8 via a suitable Y-shaped flow splitter . The flow splitter 8 9 is

disposed between the main delivery trunk 815 and the first delivery branch 8 and

between the main delivery trunk 815 and the second delivery branch in some

embodiments, the flow splitter 819 can be adapted to help split the first and second

flows of gypsum slurry such that they are substantially equal. In other embodiments,

additional components can be added to hel regulate the first and second flows of

slurry.

[00 73] in use, an aqueous calcined gypsum slurry is discharged from the mixer 8 .

The aqueous calcined gypsum slurry from the mixer 81 is split in the flow splitter 819

into the first flow of aqueous calcined gypsum slurry and the second flow of aqueous



calcined gypsum slurry. 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

[00 4] Referring to FIG. 28, another embodiment of a gypsum slurry mixing and

dispensing assembly 9 is shown. The gypsum slurry mixing and dispensing

assembly 910 includes a gypsum slurry mixer 912 in fluid communication with slurry

distributor 920. The gypsum slurry mixer is adapted to agitate water and calcined

gypsum to form an aqueous calcined gypsum slurry. The slurry distributor 920 can be

similar in construction and function to the slurry distributor 320 of F G. 6 .

[ 017 A delivery conduit 914 s disposed between and in fluid communication with

the gypsum slurry mixer 9 and the slurry distributor 920. The delivery conduit 91

includes a main delivery trunk 9 1 a first deliver branch 9 in fluid communication

with th first feed in et 924 of the slurry distributor 920, and a second delivery branch

918 n fluid communication with the second feed inlet 925 of the slurry distributor 920.

00 6 The main delivery trunk 9 1 is disposed between and in fluid communication

with the gypsum slurry mixer 912 and both the first and the second deliver branches

917, 918. An aqueous foam supply conduit 921 can be in fluid communication with at

least one of the gypsum slurry mixer 912 and the delivery conduit 914. In the illustrated

embodiment, the aqueous foam supply conduit 921 i associated with the main delivery

trunk 915 of the delivery conduit 914.

[00177] The first delivery branch 917 is disposed between and in fluid communication

with the gypsum slurry mixer 912 and the first feed inlet 924 of the slurry distributor 920.

At least one first flow-modifying element 923 is associated with the first delivery branch

9 and is adapted to control the first flo of aqueous calcined gypsum slurry from the

gypsum slurry mixer 9 12

[00 8 The second deliver branch 918 is disposed between and in fluid

communication with the gypsum slurry mixer 912 and the second feed inlet 925 of the

slurry distributor 920. At least one second flow-modifying element 027 is associated

with the second delivery branch 91 and is adapted to control the second flow of

aqueous calcined gypsum slurry from the gypsum slurry mixer 912.



[00 S The first and second flow-modifying elements 923, 927 can be operated to

control an operating characteristic of the f st and second flows of aqueous calc ed

gypsum slurry. The first and second flow-modifying elements 923, 27 can be

independently operable. n some embodiments, the first and second fiow-modifylng

elements 923, 927 can be actuated to deliver first and second flows of slurries that

alternate between a relatively slower and relatively faster average velocity in opposing

fashion such that at a given time the first s r y has an average velocity that is faster

than that of the second flow of siurry and at another point in time the first slurry has an

average velocity that s slower than that of the second flow of slurry.

[00 80] As one of ordinary skill in the art will appreciate, one or both of the webs of

cover sheet materiai can be pre-treated with a very thin relatively denser ayer o

gypsum siurr (relative to the gypsum slurry comprising the core), often referred to as a

skim coat in the art, and/or ha d edges, if desired. To that end, the mixer 9 includes a

first auxiliary conduit 929 that i adapted t deposit a stream of dense aqueous calcined

gypsum slurry that is relatively denser than the first and second flows of aqueous

calcined gypsum siurr delivered to the siurry distributor (i.e., a "face skim coat/hard

edge stream"). The first auxiliary conduit 929 can deposit the face skim coat/hard edge

stream upon a moving web of cover sheet materia! upstream of a skim coat roller 931

tha s adapted to apply a skim coat layer o the moving web of cover sheet mate ai and

to define hard edges at the periphery of the moving web by virtue of the width of the

roller 931 being less than the width of the moving web as is known in the art. Hard

edges can be formed from the same dense slurry that forms the thin dense Iayer by

directing portions of the dense siurry around the ends of the roller used to apply the

dense layer to the web.

[00 1 The mixer 9 2 can also include a second auxiliary conduit 933 adapted to

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 (i.e., a "back skim coat stream"'). The second auxiliary conduit 933 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



is adapted to apply a ski coat layer to the seco d moving web of cover sheet mate al

as is known in the art (see FIG 2 also)

[00182] n other embodiments, separate auxiliary conduits cart be connected to the

mixer to deliver one or more separate edge streams to the moving eb of cover sheet

m te a . Other suitable equipment (such as auxiliary mixers) can be provided in the

auxiliary conduits to help make the siurry therein denser, such as by mechanically

breaking up foam n the slurry and/or by chemically breaking down the foam through

use of a suitable de-foaming agent.

[00 83] n yet other embodiments, first and second delivery branches can each

include a foam supply conduit therein which are respectively adapted to independently

introduce aqueous foam into the first and second flows of aqueous calcined gypsum

s rr delivered to the si r distributor. In still other embodiments, a plurality o xers

can be provided to provide independent streams of slurry to the first and second feed

inlets of a slurry distributor constructed i accordance with principles of the present

disclosure. t will be appreciated that other embodiments are possible,

[00184] The gypsum siurry mixing and dispensing assembly 9 of F G. 28 can be

similar other respects to the gypsum slurry mixing and dispensing assembly 810 of

FIG. 27, It i further contemplated that other slurry distributors constructed in

accordance with principies of the present disclosure can be used in other embodiments

of a gypsum siurry mixing and dispensing assembly as described herein.

[ 0 85] Referring to FIG, 29, an exemplary embodiment of a wet end of a

gypsum wallboard manufacturing Sine is shown. The wet end 1 includes a gypsum

siurry mixing and dispensing assembly 1010 having a gypsum slurry mixer 1012 n fluid

communication with a slurry distributor 1020 similar in construction and function to the

slurry distributor 320 of FIG. 8 , a hard edge/face skim coa roller 1031 disposed

upstream of the slurry distributor 1 2 and supported over a forming table 1038 such

that a first moving web 1039 of cover sheet material is disposed therebetween, a back

skim coa roiter 1037 disposed over a support element 1 4 1 such that a second moving

web 1043 of cover sheet material is disposed therebetween, and a forming station 1045

adapted to shape the preform into a desired thickness. The skim coat rollers 1031,



1037, the forming table 38 the support element 1041, and the forming station 45

can all comprise conventional equipment suitable for their intended purposes as is

known in the art. The wet end can be equipped with other conventional

equipment as s known in the art.

00 6] another aspect of th present disclosure, a slurry distributor constructed in

accordance with principles of the present disclosure can be used in a variety of

manufacturing processes. For example, in one embodiment, a slurry distribution

system can be used in a method of preparing a gypsum product. A slurry distributor

can be used to distribute an aqueous calcined gypsum slurry upon the first advancing

web 1039.

[001873 Water and calcined gypsum can be mixed in the mixer 1012 to form the first

and second flows 47, 48 f aqueous calcined gypsum slurry. n some

embodiments, the water and calcined gypsum can be continuously added to the mixer

in a water-fo-caicined gypsum ratio from about 0.5 to about .3, an in other

embodiments of about .75 or less,

[001 8 Gypsum board products are typically formed 'face down" such that the

advancing web 1 39 serves as the "face" cover sheet of the finished board. A face

skim coat/hard edge stream 1049 (a iayer of denser aqueous calcined gypsum slurry

relative to at least one of the first and second flows of aqueous calcined gypsum slurry)

can be applied to the first moving web 1 39 upstream of the hard edge/face skim coat

roller 1031 relative to the machine direction 092, to apply a skim coa ayer to the rst

web 1039 and to define hard edges of the board.

[001 89] The first flow 047 and the second flow 1048 of aqueous 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 aqueous

calcined gypsum slurry are combined in the slurry distributor 1020. The first and

second flows 1047, 1048 of aqueous calcined gypsum slurry move along a flow path

through the slurry distributor 2 n the manner of a streamline flow, undergoing

minimal or substantially no air-liquid slurry phase separation and substantially without

undergoing a vortex flow path.



[00190] The first moving web 39 moves along the longitudinal axis 50. The first

flow 1047 of aqueous calcined gypsum slurry passes through the first feed inlet 1024,

and the second fiow 1048 of aqueous caicined gypsum slurry passes through the

second feed inlet 25. The distribution conduit 1028 is positioned such that it extends

along the longitudinal axis 0 which substantialiy coincides with the machine direction

92 along which the first web 39 of cover sheet material moves. Preferably, the

central midpoint of the distribution outlet 30 (taken alon the transverse axis / cross-

machine direction 60) substantially coincides with the centra! midpoint of the first

moving cover sheet 1039. The first and second fiows 1047, 4 of aqueous calcined

gypsum slurry combine in the slurry distributor 1020 such that the combined first and

second fiows 1051 of aqueous caicined gypsum slurry pass through the distribution

outlet 1030 in a distribution direction 1093 generally along the machine direction 1092.

[00191] In some embodiments, the distribution conduit 1028 s positioned such that i

s substantially parallel to the piane defines b the longitudinal axis 50 and the

transverse axis 80 of the first web 1039 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 30 relative to the first web 1039.

[00 2 The combined first and second flows 1051 of aqueous calcined gypsum siurry

are discharged from the siurry distributor 1020 upon the first moving web 039. The

face skim coat/hard edge stream 49 can be deposited from the mixer 1012 at a point

upstream, relative to the direction of movement of the first moving web 39 in the

machine direction 92, of where the first and second flows 1047, 48 of aqueous

caicined gypsum siurry are discharged from the slurry distributor 1020 upon the first

moving web 039. The combined first and second fiows 1047, 104S of aqueous

calcined gypsum slurry can be discharged from the slurry distributor with a reduced

momentum per unit width a lon the cross-machine direction relative to a conventional

boot design to help prevent "washout" of the face skim coat/hard edge stream 1 4

deposited on the first moving web 39 i.e., the situation where a portion of the

deposited skim coat layer is displaced from its position upon the moving web 339 in

response t the impact of the slurry being deposited upon t) .



[00193] The first and second flows 047, 48 of aqueous calcined gypsum slurry

respectively passed through the first and second feed inlets 24 , 1025 of the slurry

distributor 20 can be selectively controlled with at least one flow-modifying element

1023, For example, n some embodiments, the first a d second flows 1047, 048 of

aqueous calcined gypsum slurry are selectively controlled such that the average

velocity of the first flow 1047 of aqueous calcined gypsum siurry passing through the

first feed inlet 1024 and the average velocity of the second flow 1048 of aqueous

calcined gypsum slurry passing through the second feed inlet 1025 are substantiatiythe

same,

[00194] In embodiments, the first flow 47 of aqueous calcined gypsum siurr s

passed at an average first feed velocity through the first feed iniet 24 of the slurry

distributor 1020. The second flow 1048 of aqueous calcined gypsum slurry is passed at

an average second feed velocity through the second feed inlet 1025 of the slurry

distributor 1020, The second feed i let 1025 Is in spaced relationship to the first feed

inlet 1024. The first and second flows 051 o aqueous calcined gypsum slurry ar

combined in the slurry distributor 20. The combined first and second flows 1051 of

aqueous calcined gypsum slurry are discharged at an average discharge velocity from a

distribution outlet 30 of the siurry distributor 20 upon the web 39 of cover sheet

material moving along a machine direction 1092. The average discharge velocity is less

than the average first feed velocity and the average second feed velocity

[00 5 in some embodiments, the average discharge velocity is less than about 90%

of the average first feed velocity and the average second feed velocity. I some

embodiments, the average discharge velocity is less than about 80% of the average first

feed velocity and the average second feed velocity.

[00196] The combined first and second flows 51 of aqueous calcined gypsum slurry

are discharged from the slurry distributor 1020 through the distribution outlet 30. The

opening of the distribution outlet 030 has a width extending along the transverse axis

60 and sized such that the ratio of the width of the first moving web 1039 of cover sheet

material to the width of the opening of the distribution outlet 1030 is within a range

including and between about 1 and about 6:1 I some embodiments, the ratio of the



average velocity of the combined first and second flows 51 of aqueous calcined

gypsum slurry discharging from the slurry distributor 1020 to the velocity of the moving

web 039 of cover sheet material moving along the machine direction 92 can be

about 2:1 or less in some embodiments, and from about 1:1 to about 2 1 n other

embodiments.

[00 ?] The combined first and second flows 51 of aqueous calcined gypsum slurry

discharging from the siurry distributor 20 form a spread pattern upon the moving web

1039 At least one o the size and shape of the distribution outlet 1030 can be adjusted,

which in turn can change the spread pattern.

[ 1 ] Thus, slurry is fed into both feed inlets 1024, 1 25 of the feed conduit 1022

and then exits through the distribution outlet 1030 with an adjustable gap. A converging

portion 1082 can provide a slight increase in the siurry velocity so as to reduce

unwanted exit effects and thereby further improve flow stability at the free surface.

Side-to-side flow variation and/or a y local variations can b reduced b performing

cross-machine (CD) profiting control at the discharge outlet 1030 using the profiling

system. This distribution system can help prevent air-liquid slurry separation in the

siurry resulting a more uniform and consistent materia! delivered to the forming table

1033,

[80 9] A back skim coat stream 1053 (a layer of denser aqueous calcined gypsum

slurry relative to a least one of the first and second flows 4 7, 48 of aqueous

calcined gypsum slurry) can be applied to the second moving web 43. The back skim

coat stream 53 can b deposited from the mixer 1 at a point upstream, relative to

the direction of movement of the second moving web 1043, of the back skim coat roller

1037.

[00200] in other embodiments, the average velocity of the first and second flows

1047, 1048 of aqueous calcined gypsum slurry are varied. In some embodiments, the

slurry velocities at the feed inlets 1024, 25 of the feed conduit 1022 can oscillate

periodically between relatively higher and lower average velocities (at one point in tim

one inlet has a higher velocity than the other inlet, a d then at a predetermined point in

time vice versa) t help reduce the chance of buildu within the geometry itself.



[00201] in embodiments, the first flow 47 of aqueous calcined gypsum slurry

passing through the first feed inlet 24 has shear rate that is lower than the shear

rate of the combined first and second flows 0 1 discharging from the distribution outlet

1030, and the second flow 1048 of aqueous calcined gypsum slurry passing through the

second feed inlet 1025 has a shear rate that s Sower than the shear rate of the

combined first and second flows 51 discharging from the distribution outlet 1 30

embodiments, the shear rate of the combined first and second flows 5 discharging

from the distribution outlet 1030 can be greater than about 0% of the shear rate of the

first flow 1047 of aqueous calcined gypsum slurry passing through the first feed inlet

1024 a d/or the second flow 1048 of aqueous calcined gypsum slurry passing through

the second feed inlet 1025, greater than about 175% in still other embodiments, and

about double or greater yet other embodiments. It should be understood that the

viscosity of the first and second flows 1047, 1 48 of aqueous calcined gypsum slurry

and the combined first and second flow 1051 can be inversely related to the shear rate

present at a given location such that as the shear rate goes u , the viscosity decreases.

[00202] n embodiments, the first flow 1047 of aqueous 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 second flows 1051 discharging from the distribution

outlet 30, and the second flow 1 48 of aqueous calcined 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 51 discharging from the distribution

outlet 1030. In embodiments, the shear stress of the combined first and second flows

1051 discharging from the distribution outlet 1030 can be greater than about 10% of

the shear rate of the first flow 1047 of aqueous calcined gypsum slurry passing through

the first feed inlet 1024 and/or the second flow 1048 of aqueous calcined gypsum slurry

passing through the second feed inlet 1025

[00203] !n embodiments, the first flow 47 of aqueous calcined gypsum slurry

passing through the first feed in et 1024 has a Reynolds number that is higher than the

Reynolds number of the combined first and second flows 05 1 discharging from the

distribution outlet 30, and the second flow 1048 of aqueous calcined gypsum slurry



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 51 discharging from the

distribution outlet 1030, I embodiments, the Reynolds number of the combined first

and second flows 1051 discharging fro the distribution outlet 1030 can be less than

about 90% of the Reynolds number of the first flow 047 of aqueous calcined gypsum

slurr passing through the first feed inlet 1024 and/or the second flow 1048 of aqueous

calcined gypsum slurry passing through the second feed inlet 25, ess than about

80% n still other embodiments, and less than about 70% In stilt other e bodiments

[00204] Referring to F G 30, a embodiment of a Y-shaped flow splitter 1 0 suitable

for use in a gypsum slurry mixing and dispensing assembly constructed in accordance

with principles of the present disclosure is shown. The flow splitter 1100 can be placed

in fluid communication with a gypsum slurry mixer and a slurry distributor such that the

flow splitter 00 receives a single flo of aqueous calcined gypsum slurry from the

mixer and discharges two separate flows of aqueous calcined gypsum slurry therefrom

to the first and second feed inlets of the slurry distributor. One or more flow-modifying

elements can be disposed between the mixer and the flow splitter 1 0 and/or between

one or both of the delivery branches leading between the splitter 1100 and the

associated slurry distributor.

[00205] The flow splitter 00 has a substantially circular inlet 2 disposed in a

main branch 1 3 adapted to receive a single flow of slurry and a pair of substantially

circular outlets 104, 1 6 disposed respectively in first and second outlet branches

105, 1107 that allow two flows of slurry to discharge from the splitter 1 0 The cross-

sectionat areas of the openings of the inlet 102 and the outlets 1 4, 1 6 can vary

depending on the desired flow velocity. In embodiments where the cross-sectional

areas of the openings of outlet 4 , 1 are each substantially equal t cross-

sectionai area of the opening of the inlet 102, the flow velocity of the slurry discharging

from each outlet 1104, 106 can be reduced to about 50 of the velocity of the single

flow of slurry entering th inlet 1102 where the volumetric flow rate through the inle

02 and both outlets 4 , 106 is substantially the same.



[00206] in some embodiments, the diameter of the outlets 4, 1 8 ca be made

smaller than the diameter of the inlet 2 in order to maintain a relatively h gh flow

velocity throughout the splitter 0, n embodiments where the cross-sectional areas

of the openings of the outlets 1 04, 1 08 are each smaller than the cross-sectional area

of the ope ng of the in et 1 2, the flow velocity ca be maintained in the outlets 1 4,

11 8 or at feast reduced to a lesser extent than if the outlets 1 04, 8 and the inlet

102 all have substantia! y equal cross-sectional areas. For example, i some

embodiments, the flow splitter 00 has the inlet 1102 has an inner diameter (SD ) of

about 3 inches, and each outlet 1 4, 0 has an I of about 2.5 inches (though

other inlet and outlet diameters can be used in other embodiments), n an embodiment

with these dimensions at a line speed of 350 fpm, the smaller diameter of the outlets

1104, 1108 causes the flow velocity in each outlet to be reduced by about 28% of the

flow velocity of the single flow of slurry at the inlet 11 2,

[00207] The flow splitter 1 0 can includes a central contoured portion 14 and a

junction 0 between the first and second outlet branches 1105, 7, The central

contoured portion 1 4 creates a restriction 108 in the central: interior region of the

flow splitter 1100 upstream of the junction 1 0 that helps promote flow to the outer

edges 1110, 1 o the splitter to reduce the occurrence of slurry buildup at the

junction 1 20. The shape of the central contoured portion 1 4 results i guide

channels 11 1 1 , 1 3 adjacent the outer edges 1 1 10, 2 of the flow splitter 1100 The

restriction 108 in the central contoured portion 1 14 has a smaller height H than the

height of the guide channels 1111 , 3. The guide channels 1 1 , 1113 have a

cross-sectional area that is larger than the cross-sectional area o the central restriction

1.08. As a result, the flowing slurry encounters less flow resistance through the guide

channels 1, 3 than through the central restriction 108, and flow is directed

toward the outer edges of the splitter junction 1120.

[0 208 The junction 1 0 establishes the openings to the first and second outlet

branches 1105, 107. The junction 1120 is made up of a planar wail surface 1123 that

is substantially perpendicular to an inlet flow direction 125.



[00200] Referring to FIG. 32, some embodiments, an automatic device 50 for

squeezing the spiitter 1 00 at adjustable and regular time intervals can be provided to

prevent solids building up inside the splitter 1 0, I some embodiments, the

squeezing apparatus 0 can include a pair of piates 1152, 4 disposed on

opposing sides 42, 1 43 of the central contoured portion 1 1 14. The plates 52

1 4 are movable relative to each other by a suitabie actuator 11 0 . Th actuator 0

can be operated either automatically or selectively to move the piates 1 2 54

together relative to each other to apply a compressive force upon the splitter 00 at the

centra! contoured portion 14 and the junction 20,

[00 ] When the squeezing apparatus 1 50 squeezes the flow spiitter, the

squeezing action applies compressive force to the flow spiitter 11 0, which flexes

inwardiy in response. This compressive force can he!p prevent buildup of solids inside

the splitter 100 which may disrupt the substantially equa y split flow to the slurry

distribution through the outlets 04 , 1108. in some embodiments, the squeezing

apparatus 1 0 is designed to automatically pulse through the use of a programmable

controller operably arranged with the actuators. The time duration o the application of

the compressive force by the squeezing apparatus 150 and/or the interval between

pulses can be adjusted. Furthermore, the stroke length that the plates 1152, 154

travel with respect to each other in a compressive direction can be adjusted.

[002 Embodiments o a slurry distributor, a gypsum slurry mixing and dispensing

assembly, and methods of using the same are provided herein which can provide many

enhanced process features helpful in manufacturing gypsum wailboard in a commercial

setting, slurry distributor constructed in accordance with principles of th present

disclosure can facilitate the spreading of aqueous calcined gypsum slurry upon a

moving web of cover sheet materia! as it advances past a mixer at the wet end of the

manufacturing line toward a forming station

[00212] A gypsum slurry mixing and dispensing assembly constructed in accordance

with principles of the present disclosure can split a flow of aqueous calcined gypsum

slurry from a mixer into two separate flows of aqueous calcined gypsum slurry which

can be recombined downstream in a slurry distributor constructed in accordance with



principles of the present disclosure to provide a desired spreading pattern. The design

of the dual inlet configuration and the distribution outlet can ailowfor wider spreading of

more viscous slurry in the cross-machine direction over the moving web of cover sheet

materia The slurry distributor an be adapted such that the two separate flows of

aqueous calcined gypsum slurry enter a slurry distributor along feed inlet directions

which include a cross-machine direction component, are re-directed inside the slurry

distributor such that the two flows of slurry are moving in substantially a machine

direction, and are recombined in the distributor in a way to enhance the cross-direction

uniformity of the combined flows of aqueous calcined gypsum slurry being discharged

from the distribution outlet of the slurry distributor to help reduce mass flow variation

over time along the transverse axis or cross machine direction. Introducing the first an

second flows of aqueous calcined gypsum slurry in first and second feed directions that

include a cross-machine directional component can help the re-combined flows of slurry

discharge from the slurry distributor with a reduced momentum and/or energy.

[00213] The interior flow cavity of the slurry distributor can be configured such that

each of the two flows of slurry move through the slurry distributor in a streamline flow.

The interior flow cavity of the slurry distributor can be configured such that each of the

two flows of slurry move through the slurry distributor with minimal or substantially no

air-liquid slurry phase separation. The interior flow cavit of the slurry distributor can be

configured such that each o the two flows of slurry move through the slurry distributor

substantially without undergoing a vortex flow path

[ 2 14 A gypsum slurry mixing and dispensing assembly constructed in accordance

with principles of the present disclosure can include flow geometry upstream of the

distribution outlet of the slurry distributor to reduce the slurry velocity in one or multiple

steps. For example, a flow splitter can be provided between the mixer and the slurry

distributor to reduce the slurry velocity entering the slurr distributor. As another

example, the flow geometry in the gypsum slurry mixing and dispensing assembly ca

include areas of expansion upstream and within the slurry distributor to slow down the

slurry so it is manageable when it is discharged from the distribution outlet of the slurry

distributor.



[ 2 1 The geometry of the distribution outlet can also help control the discharge

velocity an momentum of the slurry as it is being discharged from the slurry distributor

upon the moving web of cover sheet material The fiow geometry of the slurry

distributor can bo adapted such that the slurry dischargtng from the distribution outlet i

maintained in substantia! y a two-dimensional flow pattern with a relatively smai! height

in comparison to the wider outlet in the cross-machine direction to help improve stability

a d uniformity.

[00216] The relatively wide discharge outlet yields a momentum per unit width of the

slurry being discharged from the distribution outlet that is lower tha the momentum per

unit width o a slurry discharged from a conventional boot under similar operating

conditions. Th reduced momentum per unit width can help prevent washout of a skim

coat of a dense layer applied to the web of cover sheet material upstream from the

location where the slurry is discharged from the slurry distributor upon the web.

[00217] n the situation where a conventional boot outlet is 6 inches wide an 2 inches

thick is used, the average velocity of the outlet for a high volume product can be about

781 ft/min. n embodiments where the slurry distributor constructed in accordance with

principles of the present disclosure includes a distribution outlet having an opening that

is 24 inches wide and 0.75 inches thick, the average velocity can be about 550 ft/min.

The mass flo rate is the same for both devices at 3,437 Ib/min. The momentum of the

sl rry (mass flo raie*average velocity) for both cases would be 2, 8,000 and

1,89 .000 Ib-ft/min for the conventional boot and the slurry distributor, respectively.

Dividing the respective calculated momentum b the widths of the conventional boot

outlet and the slurry distributor outlet the momentum per unit width of the slurry

discharging from t e convention boot is 402,736 {lb-ft/min )/(inch across boot width),

and the momentum per unit width of the slurry discharging from the slurry distributor

constructed in accordance with principles of the present disclosure is 78,776

(ib ff/mtn )/{inch across slurry distributor width). I this case, the slurry discharging from

the slurry distributor has about 20% of the momentum per unit width compared to the

conventional boot.



[00218] A slurry distributor constructed in accordance with principles of the present

disclosure can achieve a desired spreading pattern while using an aqueous calcined

gypsum slurry over a broad range of water-stucco ratios, including a relatively low S

or a more conventional SR, such as, a water-to-caicined gypsum ratio from about 0.4

to about .2, for example, below 0.75 in some embodiments, and between about 0.4

and about 0.8 in other embodiments. Embodiments of a slurry distributor constructed in

accordance with principles of the present disclosure can include internal flow geometry

adapted to generate controlled shear effects upon the first and second flows of aqueous

calcined gypsum slurry as the first and second flows advance from the first and second

feed Inlets through the siurry distributor toward the distribution outlet. The application of

controlled shear in th slurry distributor can selectively reduce the viscosity of the slurry

as a result of being subjected to such shear. Under the effects of controlled shear in the

slurry distributor, slurry having a lower water-stucco ratio can b distributed from the

siurry distributor with a spread pattern n the cross-machine direction comparable to

slur es having a conventional WSR.

[002 1 The interior flo geometry of the slurry distributor can be adapted to further

accommodate slurries of various water-stucco ratios to provide increase flow adjacent

the boundary wall regions of the interior geometry of th slurry distributor. By including

flow geometry features in the slurry distributor adapted to increase the degree of flo

around the boundary wall layers, the tendency of slurry to re-circulate in the slurry

distributor and/or stop flowing and set therein is reduced. Accordingly, the build up of

set s iurr in the slurry distributor can be reduced as a result.

[ 0220 A siurr distributor constructed in accordance with principles of the present

disclosure can include a profile system mounted adjacent the distribution outlet to alter

a cross 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

in e toward the forming station. The profil system can help the slurry discharged fro

the distribution outlet achieve a desired spread pattern w hi e being less sensitive to

siurry viscosity and WSR, The profile system can be used to change the flow dynamics



of the slurry discharging from he distribution outlet of the siurry distributor to guide

siurry flow such that the slurry has more uniform velocity in the cross-machine direction.

Using the profile system can aiso help a gypsum slurry mixing and dispensing assembly

constructed in accordance with principles of the present disclosure be use in a gypsum

wailboard manufacturing setting to produce wailboard of different types and voiumes,

EXAMPLES

Referring to FIG. 33, in these Examples the geometry and fl o characteristics

of a siurry distributor constructed n accordance with principles of the present disciosure

were evaluated, A top plan view of a half portion 1205 of a slurry distributor is shown in

FIG. 33. The half portion 1206 of the slurry distributor includes a half portion 207 of a

feed conduit 320 and a half portion 1209 of a distribution conduit 328, The half portion

0? of the feed conduit 322 includes a second feed inlet 325 defining a second

opening 335, a second entry segment 337, and a hall portion of a bifurcated

connector segment 339 The half portion 09 of the distribution conduit 328 includes a

half portion 121 o an entry portion 352 of the distribution conduit 328 and a half

portion 1217 of a distribution outlet 330.

[00222] should be understood that another ha!f portion of a siurry distributor, which

is a mirror image of the half portion 05 of FIG. 33, can be integrally joined and aligned

with the half portion 1 05 of FiG. 33 at a transverse centra! midpoint 387 of th

distribution outlet 330 to for a slurry distributor which is substantially similar to the

slurry distributor 420 of FiG. . Accordingly, the geometry and fiow characteristics

described bej w are equally applicable to the mirror image half portion of the siurry

distributor as well

EXAMPLE 1

[00223] in this Example and referring to FiG. 33 the particular geometry of the half

portion 205 of the siurry distributor was evaluated at sixteen different locations -i

between a first location i at the second feed inlet 325 and a sixteenth location

half portion 07 of the distribution outlet 330. Each location represents a cross-

sectional slice of the half portion 1 05 of the siurry distributor as indicated by the



corresponding l ne . A flow line 121 along the geometric center of each cross-sectional

slice was use to deter i e the distance between adjacent locations L - . The

eleventh location corresponds to the half portion of the entry portion 352 of the

distribution conduit 328 which corresponds to an opening 342 of a second feed outlet

345 of the half portion 1207 of th feed conduit 320. Accordingly, the first through the

tenth locations l _ are taken in the half portion 1207 of the feed conduit 320, an the

eleventh through the sixteenth locations are taken in the half portion 09 of the

distribution conduit 328

[00224] For each location i- , the following geometric values of were determined:

the distance along the- flow tine 1212 between the second feed inlet 325 and the

particular location i - ¾ the cross-sectional area of the opening at the location the

perimeter of the location and the hydraulic diameter of the location L - - The

hydraulic diameter was calculated using the following formula:

i - 4 * A / P q . }

where is the hydraulic diameter.

A is the area of the particular location and

P is the perimeter of the particular location -

Using the inlet conditions, th dimensionless values for each location L can be

determined to describe the interior flow geometry, as shown in Table 1. Curve-fit

equations were used to describe the dimensionless geometry of the half portion 1205 of

the slurry distributor n FIG. 34, which shows the dimensionless distance from inlet

versus the dimensionless area and the hydraulic diameter.

[ 0225 The analysis of the dimensionless values for each location 6 shows that

the cross sectional flow area increases fro the first location L at the second feed inlet

325 to the eleventh location , at the half portion of the entry portion 352 als the

opening 342 of the second feed outlet 345). In the exemplary embodiment, the cross-

sectional flow area at the half portion 12 4 of the entry portion 352 is about 1/3 larger

than the cross-sectional flow are at the second feed inlet 325. Between the first

location and the eleventh location L , the cross-sectsonai flow area of the second

entry segment 337 and the second shaped duct 339 varies from location to location



In this region, at least two adjace locations , L are configured such that the

location L located further from the second feed inlet 325 has a cross sectional flow

area that is smaller than the adjacent Iocation that is closer to the second feed inlet

325.

[00226] Between the first location and the eleventh location , i the half portion

07 of th feed conduit 322 there is an area of expansion (e.g., . ) having a cross-

sectional flow area that is greater tha a cross-sectional flow area of an adjacent a ea

(e.g., upstream from the area of expansion n a direction from the second inlet 335

toward the half portion 1 of the distribution outlet 330. The second entry segment

337 and the second shaped duct 341 have a cross section that varies along the

direction of flow 1212 to hel distribute the second flow of slurry moving therethrough.

[00227] The cross sectional area decreases from the eleventh iocation at the half

portion 1214 of the entry portion 352 of the distribution conduit 328 to the sixteenth

iocation the half portion 12 of th distribution outlet 330 of the distribution

conduit 328. n the exemplary embodiment, the cross-sectional flow area of the half

portion 1214 o an entry portion 352 is about 95% of that o the half portion 2 of the

distribution outlet 330.

[00228] The cross-sectiona! flow area at the first Iocation L - at the second feed inlet

325 is smaller tha the cross-sectional flow area at the sixteenth Iocation at the half

portion 12 of the distribution outlet 330 of the distribution conduit 328 In the

exemplary embodiment, the cross-sectional flow area at the half portion 17 of the

distribution outlet 330 of the distribution conduit 328 s about 1/4 larger than the cross -

sectional flow area at the second feed inlet 325

[00229] The hydraulic diameter decreases from the first location at the second feed

inlet 325 to the eleventh location at the half portion 1 14 of the entry portion 35 of

the distribution conduit 328. In the exemplary embodiment, the hydraulic diameter at

the half portion 1 4 of the entry portion 352 of the distribution conduit 328 is about ½

the hydraulic diameter at the second feed inlet 325

[002303 T e hydraulic diameter decreases from the eleventh iocation L at the halt

portion 1214 of an entry portion 352 of the distribution conduit 328 to the sixteenth



location L at the half portion of the distribution outlet 330 of the distribution

conduit 328. In the exemplary embodiment, the hydraulic diameter o the half portion

12 1 of the distribution outlet 330 of the distribution conduit 328 is about 95 of that of

the half portion of th entry portion 352 of the distribution conduit 328.

[00231] The hydraulic diameter at the first location at the second inlet 32 is larger

than the hydraulic diameter at the sixteenth location s at th half portion of the

distribution outiet 33 of the distribution conduit 32 n the exemplary embodiment the

hydraulic diameter at the half portion 12 of the distribution outlet 330 of the

distribution conduit 328 s less than about half of that of the second feed inlet 325.
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EXAMPLE 2

$002323 this Example, the half portion 05 of the slurry distributor of FIG. 33 was

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

For all flow o d o the density (p) of th aqueous gypsum siurry was set at 1,000

kg/m3 Aqueous gypsum slurry s a shear-thinning material such that as shear s

appfied to it, its viscosity can decrease. The viscosity µ) Pa.s of the gypsum slurry was

calculated using the Power aw Fluid Model which has the following equation;

µ = , (Eq. 2}

where,

K is a constant,

is the shear rate, and

n is a constant equal to 0. 33 in this case.

[00233] In a first flow condition, the gypsum slurr has a viscosity factor of 50 in the

Power Law mode! and enters the second feed inlet 325 at 2.5 m/s, A computational

fluid dynamics technique with a finite volume method was used to determine flow

characteristics in the distributor. At each location ,. . the following flow characteristics

were determined: area-weighted average velocity (U). area-weighted average shear

rate ( , viscosity calculated using the Power Law Model (Eq. 2 , shear stress, and

Reynolds Number (Re).

[00234] The shear stress was calculated using the following equation;

Shear stress = µ (Eq. 3}

where

µ is the viscosity calculated using the Power Law Model (Eq. 2} an

γ is the shear rate.
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[00235] The Reynolds Number was calculated using the following equation:

Re = = p U D µ (Eq. 4}

where

p is th density of the gypsum slurry,

U s the area-weighted average velocity,

D s the hydraulic diameter, and

µ is the viscosity calculated using the Power Law Model (Eq. 2 .

[00236] In a second flow condition case, the feed velocity of t e gypsum slurry into

the second feed inlet 325 was increased t 3.55 m/s. A l 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 L - for both the first flow condition

where the inlet velocity is 2.5 m/s and the second fiow condition where the iniet velocity

is 3.55 m/s were modeled. Using the inlet conditions; dirnensionless values of the flow

characteristics for each location were determined, as shown in Table f.

[00237] For both flow conditions where was set equal to 50, the average velocity

was reduced from the first location at the second feed inlet 32:5 to the sixteenth

location & at the half portion 12 7 of the distribution outlet 330 of the distribution

conduit 328, n the illustrated embodiment, the average velocity was reduced by about

1/5.

[00238] For both flow conditions, the shear rate increased from the first location at

the second feed inlet 325 to the sixteenth location L¾ at the half portion 17 of the

distribution outlet 330 of the distribution conduit 328. In the illustrated embodiment, the

shear rate approximately doubled from the first location at the second feed inlet 325

to the sixteenth location L at the half portion of the distribution outlet 330 of the

distribution conduit 328, as shown in FIG, 36,

[00233] For both fiow conditions, the calculated viscosity was reduced from the first

location L at the second feed inlet 325 to the sixteenth location L the half portion

1 of the distribution outlet 330 of the distribution conduit 328. n the illustrated

embodiment, the calculated viscosity was reduced from the first location L at the

second feed inlet 325 to the sixteenth location at the half portion of the
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distribution outiet 330 of the distribution conduit 328 by about half, as itiustrated in FIG.

37.

[00240] For both flow conditions in FIG. 38, the shear stress increased from the first

location at the second inlet 325 to the sixteenth location L at the half portion

12 of the distribution outiet 330 of the distribution conduit 328. In the illustrated

embodiment, the shear stress increased by about 0% from the first location at t e

second feed inlet 325 to the sixteenth location i th half portion 1217 of the

distribution outiet 330 of the distribution conduit 328.

[00241] For both flow conditions, the Reynolds number in FIG. 39 was reduced f o

the first location L, at the second feed inlet 325 to the sixteenth location L« at the half

portion 1 1 of the distribution outlet 330 of the distribution conduit 328. In the

illustrated embodiment, the Reynolds number vvas reduced from the first location L at

the second feed inlet 325 to the sixteenth location L¾ at th half portion 1 of th

distribution outiet 330 o the distribution conduit 328 by about 1/3. For both flow

conditions, the Reynolds number at the sixteenth location L at the half portion 1 of

the distribution outlet 330 of the distribution conduit 328 is in the laminar region.
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EXAMPLE 3

[00242] n this Example, the half portion 205 of the slurry distributor of FIG. 33 was

used to model the flow of gypsum slurry therethrough under flow conditions similar to

those Example 2 except that the value fo th coefficient K n the Power Law Mode!

Eq 2} was set at 0. Th flow conditions we e similar to those n Example 2 in other

respects.

00243 Again, the flow characteristics were evaluated both for a feed velocity of the

gypsum slurry into the second feed inlet 325 of 2 50 m s an of 3.55 m/s. At each

location , the following flow characteristics were determined: area-weighted average

velocity (U), area-weighted average shear rate † )f viscosity catcuiated using the Power

Law Mode! (Eq 2 , shear stress (Eq. 3), and Reynolds Number (Re) (Eq, 4). Using the

inlet conditions, dimensionless values of the flow characteristics for each location

were determined, as shown in Table Hi.

[00244] For both flow con tions wh κ w set equal to 00, the average velocity

was reduced from the first location i at the second fee inlet 325 to the sixteenth

location © at the hal portion of the distribution outlet 33 of the distribution

conduit 328. In the illustrated embodiment, the average velocity was reduced by about

1/5. The results for average velocity, on a dimensionless basis, were substantia y the

same as those in Example and FIG. 35.

[00245] For both flow conditions, th shear rate increased from the first location L ? at

the second feed inlet 32 to the sixteenth location l at the half portion 17 of the

distribution outlet 330 of the distribution conduit 328. n the illustrated embodiment, the

shear rate approximately doubled f om the first location L at the second feed inlet 325

to the sixteenth location L a the half portion 12 of the distribution outlet 330 of the

distribution conduit 328. Th results for shear rate, on a dimensionless basis, were

substantially the same as those in Example 2 and FIG, 36.

[00246] For both flow conditions, the calculated viscosity was reduced from the first

location at the second feed inlet 325 to the sixteenth location L at the half portion

1217 of the distribution outlet 33 of the distribution conduit 328. In the illustrated

embodiment, the calculated viscosity was reduced from the first location at the



second feed inlet 325 to the sixteenth location at the hal portion 1 of the

distribution outlet 330 of the distribution conduit 328 by about half. The results for the

calculated viscosity, on a dimensionless basis, were substantially the same as those in

Example 2 and FIG. 37,

00247 For both flow conditions, the shear stress increased fro the first location L

at the second feed inlet 325 to the sixteenth location at the half portion of the

distribution outlet 33 of the distribution conduit 328. In the illustrated embodiment, the

shear stress increased by about 10% fro the first location L at the second feed inlet

325 to the sixteenth location L 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 FIG. 38.

[00248] For both flow conditions, the Reynolds number was reduced from the first

location L at the second feed inlet 325 to the sixteenth location L at the half portion

121 of the distribution outlet 330 of the distribution conduit 328. n the illustrated

embodiment, the Reynolds mber was reduced from the first location L at the second

fe d inlet 325 to the sixteenth location i at the half portion 121 of the distribution

outlet 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 217 of the distribution

outlet 330 of the distribution conduit 328 i in the laminar region. The results for the

Reynolds number, on a dimensionless basis, were substantially the same as those in

Example 2 and FIG. 39.

[00249 F S. 34-38 are gra hs of the flow characteristics computed for the different

flow conditions of Examples 2 and 3. Curve-fit equations were used to describe the

change in the flow characteristics over the distance between the feed inlet to the half

portion of the distribution outlet. Accordingly, the Examples show that the flow

characteristics are consistent over variations in i et velocity and/or viscosity.





[00250] A references, including publications, patent applications, and patents, cited

herein are hereby incorporated by reference to the same extent as if each reference

were individually and specifically indicated to be incorporated by reference and were set

forth n ts entirety herein,

[00261] The use of the terms "a" and "an" and "the" and similar referents in the

context of describing the invention {especially n the context of the following claims) are

to be construed to cover both the singular and the plural unless otherwise indicated

herein o 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 failing within the range, unless otherwise indicated herein, and each

separate value is incorporated into the specification as if i were individually recited

herein. All methods described herein can be performed in an suitable order unless

otherwise indicated herein or otherwise clearly coniradicted by context. The use o an

and ail examples, or exemplary language (e.g. , suc 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 b

construed a indicating any non-cfaimed element a essential to the practice of the

invention.

[002523 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 t those of ordinary skill in the art upon

reading the foregoing description. The inventors expect skilled artisans to emp o 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 a l possible variations thereof is encompassed by the invention

unless otherwise indicated herein or otherwise clearly contradicted by context.



What is claimed s:

. A multi-piece mo d comprising;

a plurality of moid segments adapted to be removabiy 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 moid segments configured

such that when the moid segments are assembled together, the assembled moid

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 mo d segment being up to about

0% of th smallest area of the interior flow region of the molded slurry

distributor through which the mold segment traverses when moving aiong the

respective removal path.

2 . The mull-piece mold according to claim , wherein at least two mold

segments define a respective passage therein, the passages being configured to b

aligned with each other when the respective mo d segments are disposed an

assembled position wherein the mold segment is disposed t define at least a portion of

the interior surface of the slurry distributor, and further comprising a connecting rod

adapted to b inserted through the aligned passages to interconnect the moid

segments.

3 . Th multi-piece mold according to claim , wherein at least three mo d

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 o

the interior surface of the slurry distributor, and further comprising a connecting rod

adapted to be inserted through the aligned passages to interconnect the moid

segments.



4. The mutti-piece mold according to ciai , wherein the maximum cross-

sectional area of each moid segment s up to about 5% of the smallest area of the

interior flow region of the molded s ur y distributor through which the moid piece

traverses when moving along the respective removal path,

5 The multi-piece mold according t claim , wherein the maximum cross-

sectional area of each mold segment is in a range from greater than to about 0% of

the smal est area of the interior flow region of the molded siurry distributor through

which the mold piece traverses moving along the respective removal path.

. The multi-piece mold according to ciaim 1, wherein each moid 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 east

one other moid segment

7 The muffi-piece mold according to ciaim 1, wherein the mold segments

comprise a distributor conduit mold segment configured to define an interior fl o

geometry of a distributor conduit, a shaped duct mo d segment configured to define an

interior flow geometry of a shaped duct in fluid communication with the distributor

conduit, and an entry moid segment configured to define an interior flow geometry of an

entry segment and a feed in et, the feed inlet and the entry segment in fluid

communication with each other and the shaped duct

8. The multi-piece mold according t claim 7, wherein the distributor conduit

extends along a longitudinal axis, and the feed Inlet is disposed at a feed angle in a

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

9. The multi-piece mold according t ciaim 1, 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 distributor 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 in et and the second

entry segment in fiuid communication with each other and the shaped duct.



10. method of maki g a slurry distributor comprising:

assembling a plurality of mold segments of a multi-piece moid to define an

exterior surface of the mufti-piece moid;

dipping the assembled multi-piece mold nt a soiution of flexible material

such that at least a portion of the multi-piece old 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 moid;

allowing the solution to cu e such that an at least part a ly-s d f ed

molded slurry distributor is formed around the multi-piece mold, wherein the

molded slurry distributor has a inferior 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 moid, 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 moid segment travels along a respective

removal path from its assembled position in the assembled mu ti piec moid out

through the respective opening;

wherein each moid segment has a maximum cross-sectionai area in a

plane substantiaily transverse to the direction of movement of the mo d segment

along the removal path out of the respective opening of the molded siurry

distributor, the maximum cross-sectional area of each mold segment being up to

about 0% of the smallest area of the interior f ow region of the molded s urr

distributor through which the mold segment traverses when moving along the

respective removal path.

1 . The method of making a siurry distributor according to ciaim 10, wherein

at least two mold segments are assembled together by aligning a respective passage

defined In the moid segments and inserting a connecting rod through the aligned

passages to interconnect the mold segments.



12 T e method of making a slurry distributor according to ciaim , wherein

each passage is aligned with at least one respective opening of the molded siurry

distributor to allow for the removal of the associated connecting rod from the passage

13. The method of making a slurry distributor according to ciaim 10, wherein

at least three moid segments are assembled together by inserting a connecting rod

through aligned passages defined therein.

. The method of making a slurry distributor according t claim , wherein

the maximum cross-sectional area of each moid segment is up to about 5% 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

. The method of making slurry distributor according to ciaim 10, wherein

the maximum cross-sectional area of each mo segment is in a range from greater

than to about 0% o the smallest area of the terior flo region of the molded slurry

distributor through which the moid piece traverses moving along the respective removal

path .

16 The method of making a siurry 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 muiti-piece mold.

17. The method of making a slurry distributor according t claim 10, wherein

at least one mold segment is removed from the flow region of the slurr distributor

through a different opening of the molded slurry distributor than at least one other mold

segment

. The method of making a slurry distributor according to claim 10, wherein

the siurry distributor includes a feed conduit having a first feed inlet defining one of the

openings and a distribution conduit, th 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 old segments are removed fro 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 moid segment is removed from the interior flow region of the siurry

distributor by following a removal path through the opening of the distribution outlet

. The method of making a slurry distributor according to claim , wherein

the first feed inlet is disposed at a feed angle in a range up to about 35° with respect to

the longitudinal axis

20 The method of making slurry distributor according to claim 10, wherein

the feed conduit of the slurr distributor includes a second feed inlet defining one of the

openings, the second feed inle is disposed at feed angle in a range up to about 5°

with respect t the longitudinal axis.
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