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FOAM INJECTION SYSTEM WITH VARIABLE PORT INSERTS
FOR SLURRY MIXING AND DISPENSING APPARATUS

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This patent application claims the benefit of priority to U.S. Provisional
Patent Application No. 61/927,881, filed January 15, 2014, and U.S. Patent
Application No. 14/527,417, filed October 29, 2014, both of which being entitled,
“Foam Injection System With Variable Port Inserts for Slurry Mixing and Dispensing
Apparatus,” and both of which being incorporated in their entireties herein by this

reference.

BACKGROUND
[0002] The present disclosure relates to continuous board manufacturing
processes and, more particularly, to a system and method for the introduction of
aqueous foam into a cementitious slurry in connection with the manufacture of a
cementitious article.
[0003] In many types of cementitious articles, set gypsum (calcium sulfate
dihydrate) is often a major constituent. For example, set gypsum is a major
component of end products created by use of traditional plasters (e.g., plaster-
surfaced internal building walls), and also in faced gypsum board employed in typical
drywall construction of interior walls and ceilings of buildings. In addition, set
gypsum is the major component of gypsum/cellulose fiber composite boards and
products, as described in U.S. Patent No. 5,320,677. Also, many specialty
materials, such as materials useful for modeling and mold-making that are precisely
machined, produce products that contain major amounts of set gypsum. Typically,
such gypsum-containing cementitious products are made by preparing a mixture of
calcined gypsum (calcium sulfate alpha or beta hemihydrate and/or calcium sulfate
anhydrite), water, aqueous foam, and other components, as appropriate to form
foamed cementitious slurry. In the manufacture of cementitious articles, the
cementitious slurry and desired additives are often blended in a continuous mixer, as
for example described in U.S. Patent No. 3,359,146.



WO 2015/108851 PCT/US2015/011154 -

[0004] For example, in a typical manufacturing process, gypsum board is
produced by uniformly dispersing calcined gypsum (commonly referred to as
“stucco”) in water to form aqueous calcined gypsum slurry. The aqueous calcined
gypsum slurry is typically produced in a continuous manner by inserting stucco and
water and other additives into a mixer which contains means for agitating the
contents to form a uniform gypsum slurry. The slurry is continuously directed toward
and through a discharge outlet of the mixer and into a discharge conduit connected
to the discharge outlet of the mixer. Aqueous foam can be combined with the
aqueous calcined gypsum slurry in the mixer and/or in the discharge conduit. The
stream of foamed slurry passes through the discharge conduit from which it is
continuously deposited onto a moving web of cover sheet material supported by a
forming table.

[0005] The foamed slurry is allowed to spread over the advancing web. A second
web of cover sheet material is applied to cover the foamed slurry and form a
sandwich structure of a continuous wallboard preform, which is subjected to forming,
such as at a conventional forming station, to obtain a desired thickness.

[0006] The calcined gypsum reacts with the water in the wallboard preform and
sets as a conveyor moves the wallboard preform down a manufacturing line. The
wallboard preform is cut into segments at a point along the line where the preform
has set sufficiently. The segments are flipped over, dried (e.g., in a kiln) to drive off
excess water, and processed to provide the final wallboard product of desired
dimensions. The aqueous foam produces air voids in the set gypsum, thereby
reducing the density of the finished product relative to a product made using a similar
slurry but without foam.

[0007] Prior devices and methods for addressing some of the operational
problems associated with the production of gypsum wallboard are disclosed in
commonly-assigned U.S. Patent Nos. 5,683,635; 5,643,510; 6,494,609; 6,874,930;
7,007,914; and 7,296,919, which are incorporated by reference.

[0008] In conventional arrangements, aqueous foam is injected into the
cementitious slurry through a foam block or body having one or more fixed ports with
a specifically-sized orifice. If it is desired to vary the size of the orifice (e.g., to
change the pressure of the foam flowing through the foam port), the entire foam
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block must be removed and replaced with a different foam block with a port or ports
having an orifice with a different size. This approach can be costly and can consume
a fairly large amount of time to accomplish.

[0009] It will be appreciated that this background description has been created by
the inventors to aid the reader and is not to be taken as an indication that any of the
indicated problems were themselves appreciated in the art. While the described
principles can, in some aspects and embodiments, alleviate the problems inherent in
other systems, it will be appreciated that the scope of the protected innovation is
defined by the attached claims and not by the ability of any disclosed feature to solve

any specific problem noted herein.

SUMMARY
[0010] In one aspect, the present disclosure is directed to embodiments of a foam
injection system for use in preparing a cementitious product. In embodiments, a
foam injection system can be a part of a cementitious slurry mixing and dispensing
assembly and used to inject foam into a flow of cementitious slurry produced in the
assembly.
[0011] In one embodiment, a foam injection system includes a foam injection
body, a first port insert, and a second port insert. The foam injection body defines a
slurry passageway and a port passageway. The port passageway has a port
opening in fluid communication with the slurry passageway. The first port insert
defines a first foam passageway having a first orifice with a first orifice size. The first
port insert is adapted to removably mount to the foam injection body such that the
first foam passageway is in fluid communication with the slurry passageway via the
port opening of the port passageway. The second port insert defines a second foam
passageway having a second orifice with a second orifice size. The second port
insert is also adapted to removably mount to the foam injection body such that the
second foam passageway is in fluid communication with the slurry passageway via
the port opening of the port passageway. The second orifice size is different than
the first orifice size.
[0012] In another aspect of the present disclosure, embodiments of a slurry

mixing and dispensing assembly are described. In one embodiment, a slurry mixing
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and dispensing assembly includes a mixer, a slurry discharge conduit, and a foam
injection system.

[0013] The mixer is adapted to agitate water and a cementitious material to form
aqueous cementitious slurry. The slurry discharge conduit is in fluid communication
with the mixer.

[0014] The foam injection system is arranged with at least one of the mixer and
the slurry discharge conduit. The foam injection system includes a foam injection
body, a first port insert, and a second port insert.

[0015] The foam injection body comprises a part of at least one of the mixer and
the slurry discharge conduit. The foam injection body defines a slurry passageway
and a port passageway. The slurry passageway is configured to convey
cementitious slurry therethrough. The port passageway has a port opening in fluid
communication with the slurry passageway.

[0016] The first port insert defines a first foam passageway having a first orifice
with a first orifice size. The first port insert is adapted to removably mount to the
foam injection body such that the first foam passageway is in fluid communication
with the slurry passageway via the port opening of the port passageway.

[0017] The second port insert defines a second foam passageway having a
second orifice with a second orifice size. The second port insert is adapted to
removably mount to the foam injection body such that the second foam passageway
is in fluid communication with the slurry passageway via the port opening of the port
passageway. The second orifice size is different than the first orifice size.

[0018] In another aspect of the present disclosure, embodiments of a method of
preparing a cementitious product are described. In one embodiment of a method of
preparing a cementitious product, a flow of aqueous foam is conveyed to a first foam
passageway of a first port insert, which is removably mounted to a foam injection
body. The foam injection body defines a slurry passageway and a port passageway.
The port passageway has a port opening in fluid communication with the slurry
passageway. The first port insert is removably mounted to the foam injection body
such that the first foam passageway is in fluid communication with the slurry
passageway via the port opening of the port passageway. The flow of aqueous foam
in the first foam passageway of the first port insert is injected under a first flow
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condition into a flow of aqueous cementitious slurry passing through the slurry
passageway to form a flow of foamed cementitious slurry.

[0019] Further and alternative aspects and features of the disclosed principles will
be appreciated from the following detailed description and the accompanying
drawings. As will be appreciated, the foam injection systems and techniques
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 general 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
[0020] FIG. 1 is a perspective view of an embodiment of a foam port insert
suitable for use in an embodiment of a foam injection system of a cementitious slurry
mixing and dispensing assembly constructed in accordance with principles of the
present disclosure.
[0021] FIG. 2 is a side elevational view of the foam port insert of FIG. 1.
[0022] FIG. 3 is a front elevational view of the foam port insert of FIG. 1.
[0023] FIG. 4 is a cross-sectional view of the foam port insert of FIG. 1 taken
along line IV—VI in FIG. 3 and a fragmentary side view of an exemplary pressure
sensor suitable for use with the foam port insert.
[0024] FIG. 5is a view as in FIG. 4 of another embodiment of a foam port insert
constructed in accordance with principles of the present disclosure which is similar in
construction to the foam port insert of FIG. 1 but with a different foam passageway
having a different orifice size.
[0025] FIG. 6 is a perspective view of an embodiment of a foam injection body
suitable for use in a foam injection system constructed in accordance with principles
of the present disclosure, illustrating the foam port insert of FIG. 1 removably
mounted thereto.
[0026] FIG. 7 is a longitudinal cross-sectional view of the foam injection body of
FIG. 6, illustrating foam port inserts similar in construction to the foam port of FIG. 1
removably mounted thereto.
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[0027] FIG. 8 is a transverse cross-sectional view of the foam injection body of
FIG. 6, illustrating the foam port insert of FIG. 1 removably mounted thereto.
[0028] FIG. 9 is a perspective view of another embodiment of a foam port insert
constructed in accordance with principles of the present disclosure.

[0029] FIG. 10 is a side elevational view of the foam port insert of FIG. 9.
[0030] FIG. 11 is a rear elevational view of the foam port insert of FIG. 9.
[0031] FIG. 12 is a mounting end plan view of the foam port of insert of FIG. 9.
[0032] FIG. 13 is a cross-sectional view of the foam port insert of FIG. 9 taken
along line XIII—XIIl'in FIG. 11.

[0033] FIG. 14 is a view as in FIG. 13 of another embodiment of a foam port
insert constructed in accordance with principles of the present disclosure which is
similar in construction to the foam port insert of FIG. 9 but with a different foam
passageway having a different orifice size.

[0034] FIG. 15 is a perspective view of another embodiment of a foam injection
body suitable for use in a foam injection system constructed in accordance with
principles of the present disclosure, illustrating the foam port insert of FIG. 9
removably mounted thereto.

[0035] FIG. 16 is a longitudinal cross-sectional view of the foam injection body
and the foam port insert of FIG. 15.

[0036] FIG. 17 is a transverse cross-sectional view of the foam injection body,
illustrating foam port inserts similar in construction to the foam port of FIG. 9
removably mounted thereto.

[0037] FIG. 18 is a schematic plan diagram of an embodiment of a cementitious
slurry mixing and dispensing assembly, including an embodiment of a foam injection
system, constructed in accordance with principles of the present disclosure.

[0038] FIG. 19 is a schematic elevational diagram of an embodiment of a wet end
of a gypsum wallboard manufacturing line including an embodiment of a foam

injection system constructed in accordance with principles of the present disclosure.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0039] The present disclosure provides various embodiments of a cementitious
slurry mixing and dispensing assembly that can be used in the manufacture of
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cementitious products such as gypsum wallboard, for example. Embodiments of a
cementitious slurry mixing and dispensing assembly constructed in accordance with
principles of the present disclosure can include a foam injection system adapted to
inject foam into the cementitious slurry via replaceable injection port inserts with
different foam passageways (e.g., with different port orifice sizes) to readily vary a
flow condition of the flow of aqueous foam therethrough, such as, to vary the foam
injection pressure to achieve a desired flow condition, for example.

[0040] A cementitious slurry mixing and dispensing assembly according to
principles of the present disclosure can be used to form any type of cementitious
product. In embodiments, a cementitious board, such as, a gypsum wallboard, an
acoustical panel, or a portland cement board, for example, can be formed.

[0041] Embodiments of a cementitious slurry mixing and dispensing assembly
constructed in accordance with principles of the present disclosure can be used to
mix and distribute a cementitious 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., gypsum wallboard) manufacturing process. In one aspect, a
foam injection system constructed in accordance with principles of the present
disclosure can be used in a conventional gypsum drywall manufacturing process and
arranged with at least one of a mixer, which is adapted to agitate calcined gypsum
and water to form an aqueous calcined gypsum slurry, and a slurry discharge
conduit, which is attached to, and in fluid communication with, the mixer.

[0042] The cementitious slurry can be any conventional cementitious slurry, for
example any cementitious slurry, such as those commonly used to produce gypsum
wallboard, acoustical panels including, for example, acoustical panels described in
U.S. Patent Application Publication No. 2004/0231916, or portland cement board, for
example. As such, the cementitious slurry can optionally further comprise any other
additives in addition to foam that are commonly used in the production of
cementitious products. Such additives include structural additives including mineral
wool, continuous or chopped glass fibers (also referred to as fiberglass), perlite, clay,
vermiculite, calcium carbonate, polyester, and paper fiber, as well as chemical
additives such as foaming agents, fillers, accelerators, sugar, enhancing agents such
as phosphates, phosphonates, borates and the like, retarders, binders (e.g., starch
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and latex), colorants, fungicides, biocides, hydrophobic agent, such as a silicone-
based material (e.g., a silane, siloxane, or silicone-resin matrix), and the like.
Examples of the use of some of these and other additives are described, for
instance, in U.S. Patent Nos. 6,342,284; 6,632,550; 6,800,131; 5,643,510;
5,714,001; and 6,774,146; and U.S. Patent Application Publication Nos.
2002/0045074; 2004/0231916; 2005/0019618; 2006/0035112; and 2007/0022913.
[0043] Non-limiting examples of cementitious materials include portland cement,
sorrel cement, slag cement, fly ash cement, calcium alumina cement, water-soluble
calcium sulfate anhydrite, calcium sulfate -hemihydrate, calcium sulfate [+
hemihydrate, natural, synthetic or chemically modified calcium sulfate hemihydrate,

calcium sulfate dihydrate (“gypsum,” “set gypsum,” or “hydrated gypsum?), and
mixtures thereof. In one aspect, the cementitious material desirably comprises
calcined gypsum (sometimes referred to as, “stucco”), such as in the form of calcium
sulfate alpha hemihydrate, calcium sulfate beta hemihydrate, and/or calcium sulfate
anhydrite. The calcined gypsum can be fibrous in some embodiments and
nonfibrous in other embodiments. In embodiments, the calcined gypsum can include
at least about 50% beta calcium sulfate hemihydrate. In other embodiments, the
calcined gypsum can include at least about 86% beta calcium sulfate hemihydrate.
The weight ratio of water to calcined gypsum can be any suitable ratio, although, as
one of ordinary skill in the art will appreciate, lower ratios can be more efficient
because less excess water will remain after the hydration process of the stucco is
completed to be driven off during manufacture, thereby conserving energy. In some
embodiments, the cementitious slurry can be prepared by combining water and
calcined gypsum in a suitable water to stucco weight ratio for board production
depending on products, such as in a range between about 1:6 and about 1:1, e.g.,
about 2:3.

[0044] In embodiments, a foam injection system constructed in accordance with
principles of the present disclosure includes a foam injection body, at least one of a
first type of foam insert port, and at least one of a second type of foam insert port.
Embodiments of a foam injection system constructed in accordance with principles of
the present disclosure can advantageously be configured as a retrofit component of
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a cementitious slurry mixing and dispensing assembly, such as one in an existing
wallboard manufacturing system, for example.

[0045] In embodiments, the foam injection body defines a slurry passageway
through which cementitious slurry can pass and at least one foam port passageway,
each of which being in fluid communication with the slurry passageway. In
embodiments, the foam injection body can comprise any suitable part of a mixer
and/or a discharge conduit attached to the mixer. In embodiments, the foam
injection body can comprise at least a part of the mixing chamber of the mixer itself
(e.g., wherein the mixer lid defines at least one foam port passageway). In
embodiments, the foam injection body can comprise a component of a discharge
conduit referred to as a “gate,” which is mounted to a mixer outlet and includes one
or more foam port passageways. In other embodiments, the foam injection body can
comprise a component of a discharge conduit referred to as a “foam ring,” which
includes one or more foam port passageways. In embodiments, the foam ring has a
number of foam port passageways (e.g., three or four) in substantially evenly spaced
relationship to each other around the circumference of the foam ring.

[0046] The foam injection system can include a number of the first type of the
foam port inserts that corresponds to the number of foam port passageways in the
foam injection body, and a similar number of the second type of the foam port
inserts. In embodiments, each of the first type of foam port insert can define a foam
passageway having an orifice with a first size. Each of the second type of foam port
insert can define a foam passageway having an orifice with a second size, which is
different that the first type. The first type of foam port inserts can be removably
mounted to the foam injection body such that each of the first type of foam port
inserts is in fluid communication with the slurry passage of the foam injection body
via a respective one of the foam port passageways.

[0047] Each of the first type of foam port insert can be removed from the
respective foam port passageway of the foam injection body within which it is
removably mounted and replaced with a respective one of the second type of foam
port inserts to vary the flow of aqueous foam into the slurry passage. The first and
second types of foam port inserts can be similar in construction, but with different
foam passageways (e.g., different orifice sizes) to produce a different flow of
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aqueous foam therethrough with at least one different flow condition (e.g., pressure).
In embodiments, the first and second types of foam port inserts have similar
mounting features for removably mounting the foam port inserts to the foam injection
body. In embodiments of a foam injection body having multiple foam port
passageways, at least two different types of foam port inserts can be removably
mounted within different port passageways of the foam injection body at a given
time.

[0048] Turning now to the Figures, an embodiment of a first type of a foam port
insert 100 constructed according to principles of the present disclosure is shown in
FIGS. 1-4. The foam port insert 100 is suitable for use in embodiments of a foam
injection system following principles of the present disclosure. The foam port insert
100 can be adapted to receive a flow of aqueous foam from a foam supply conduit in
fluid communication with a supply of aqueous foam, such as from a foam generator,
for example, and inject the foam into a cementitious slurry passing through a slurry
passageway 310 of a compatible foam injection body 305 of a foam injection system
to which the foam port insert 100 is removably mounted (see FIG. 6).

[0049] The foam port insert 100 can be made from any suitable material, such as
a suitable metal or any other suitable material which can be used to convey aqueous
foam therethrough at a pressure suitable for injecting the foam into cementitious
slurry during the manufacture of a cementitious product, using any suitable
technique. In embodiments, the foam port insert 100 can be made from a suitable
metal, such as, aluminum, stainless steel, brass, etc. In embodiments, at least a
portion of the foam port insert 100 can be plated with a suitable material (e.g.,
chrome) to increase its durability.

[0050] Referring to FIG. 1, the foam port insert 100 includes a port insert body
105 extending along a longitudinal axis LA between a foam supply end 110 and a
mounting end 112. The port insert body 105 is generally in the form of a hollow
cylinder such that the foam port insert 100 defines a foam passageway 115
therethrough. The foam supply end 110 defines a foam inlet opening 120, and the
mounting end 112 defines a foam outlet opening 122 (see FIG. 4 also). The foam
passageway 115 extends between, and is in fluid communication with, the foam inlet
opening 120 and the foam outlet opening 122.
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[0051] The foam port insert 100 is adapted to removably mount to a mating foam
injection body 305 such that the foam passageway 115 is in fluid communication with
the slurry passageway 310 of the foam injection body 305 through a port
passageway 315 defined in the foam injection body 305 (see FIG. 8) and in fluid
communication with the slurry passageway 310 via a port opening 317. The foam
port insert 100 is adapted to receive a flow of aqueous foam entering the foam inlet
opening 120 and inject the flow of aqueous foam into a flow of cementitious slurry
passing through the slurry passage 310 of the foam injection body 305 to which the
foam port insert 100 is removably mounted by discharging the flow of aqueous foam
out of the foam outlet opening 122.

[0052] Referring to FIG. 2, the foam supply end 110 is adapted for retentive
engagement with a suitable foam supply conduit. The illustrated foam supply end
110 includes an external threaded surface 125 which is adapted to sealingly engage
a mating internal threaded surface of a suitable coupling of a foam supply conduit.
[0053] In other embodiments, the foam supply end 110 can include another
suitable mounting structure for retentive coupling with a foam supply conduit. For
example, in other embodiments, the foam supply end 110 can include an external
barbed surface which can promote a friction fit between the external barbed surface
and an internal surface of a suitably-sized foam supply conduit. An adjustable hose
clamp can be fitted to the exterior surface of the foam supply conduit, placed in
overlapping relationship with the portion of the foam supply end 110 disposed within
the foam supply conduit, and tightened to further promote the retentive engagement
of the foam supply conduit to the foam supply end 110 of the foam port insert 100.
[0054] In embodiments, the mounting end 112 of the foam port insert 100 can
include structure suitable for removably mounting the foam port insert 100 to a
mating foam injection body 305. In embodiments, at least a portion of the mounting
end 112 of the foam port insert 100 can be disposed in a port passageway 315 of the
foam injection body 305 when the foam port insert 100 is removably mounted thereto
(see FIG. 8). Referring back to FIG. 2, the mounting end 112 of the illustrated foam
port insert 100 includes a threaded surface 127 adapted to retentively engage a
mating threaded surface 320 of the foam injection body 305, which can be
associated with the port passageway 315 (see FIG. 8). In embodiments, the mating
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threaded surface 320 of the foam injection body 305 can be an internal threaded
surface in each port passageway 315 of the foam injection body 305.

[0055] Referring to FIGS. 1 and 3, to facilitate the mounting and removal of the
foam port insert 100 from a mating foam injection body 305, the foam port insert 100
can include a pair of flats 132, 133, or planar surfaces, disposed in spaced,
substantially parallel relationship to each other. The planar surfaces 132, 133 can
be configured so that the jaws of a wrench can respectively grip the planar surfaces
132, 133, and the operator can use the wrench to help rotate the foam port insert
100 either into or out of threaded engagement with the foam injection body 305. In
embodiments, the flats 132, 133 can be provided by machining an external
cylindrical surface of the port insert body 105.

[0056] Referring to FIG. 3, the threaded surface 127 of the mounting end 112
defines an axis of rotation RA about which the foam port insert 100 rotates to
threadingly engage and disengage the mating threaded surface 320 of the foam
injection body 305. The illustrated axis of rotation RA substantially coincides with the
longitudinal axis LA of the foam port insert 100. The illustrated planar surfaces 132,
133 are substantially parallel to each other and to the axis of rotation RA.

[0057] Referring to FIGS. 1- 4, the mounting end 112 of the foam port insert 100
has a distal end face 135. The illustrated distal end face 135 is substantially planar.
Referring to FIG. 8, the foam port insert 100 can be adapted to be removably
mounted to a mating foam injection body 305 such that the mounting end 112 of the
foam port insert 100 is disposed within the port passageway 315 and the distal end
face 135 of the foam port insert 100 is adjacent an inner surface 325 of the foam
injection body 305 which defines the slurry passageway 310.

[0058] Referring to FIG. 4, the illustrated foam passageway 115 of the foam port
insert 100 is generally cylindrical and has a substantially circular cross-sectional
shape in a plane perpendicular to the longitudinal axis LA along the length thereof.
The foam passageway 115 of the foam port insert 100 has a first orifice 140 with a
first orifice size @1. The orifice size J1 of the foam passageway 115 can be
measured as the cross-sectional area of the foam passageway 115 in a plane
substantially perpendicular to the direction of flow through the foam passageway
115, in this case in a plane substantially perpendicular to the longitudinal axis LA. In
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embodiments where the size of the cross-sectional area of the foam passageway
115 in a plane substantially perpendicular to the direction of flow varies along the
longitudinal length of the foam passageway 115, the orifice size J1 can be measured
as the nominal smallest value found within the foam passageway 115. In
embodiments, where the foam passageway 115 is cylindrical, the orifice size @1 can
be expressed as an inner diameter of the port insert body 105. The illustrated first
orifice size @1 is nominally % of an inch.

[0059] To facilitate the compatibility of different types of foam port inserts 100,
200 with the same foam supply conduit and the same mating foam injection body
305, the first foam passageway 115 can include a tapered entry portion 142 and a
main portion 144. The tapered entry portion 142 can include the foam inlet opening
120 and an entry outlet opening 146 in fluid communication with the main portion
144 of the foam passageway 115. The entry portion 142 can provide a variable
transition area in which the flow of aqueous foam moves from the supply conduit with
a particular cross-sectional to the main portion 144 of the foam passageway 115,
which includes the first orifice 140 with an orifice size @1 that is different that the size
of the supply conduit. In embodiments, the entry portion 142 can be configured to
facilitate the transition of the flow of aqueous foam from the supply conduit to the
foam port insert 100 to help reduce the destruction of the aqueous foam.

[0060] The illustrated entry portion 142 is generally frusto-conical in longitudinal
cross-section. In other embodiments, the entry portion 142 can have a different
shape adapted to transition the flow of aqueous foam from the supply conduit with a
supply outlet opening having a particular cross-sectional area to the main portion
144 of the foam passage 115 which has a cross-sectional area corresponding to the
first orifice size @1 that is different than the cross-sectional area of the supply outlet
opening of the foam supply conduit. The illustrated foam inlet opening 120 has a
size @2 that is larger than the first orifice size @1. The illustrated entry outlet opening
146 is smaller than the size @2 of the foam inlet opening 120 and corresponds to the
first orifice size @1 such that the entry portion 142 narrows from the foam inlet
opening 120 to the entry outlet opening 146. The illustrated main portion 144
extends between the entry outlet opening 146 and the foam outlet opening 122 and
has a cross-sectional size corresponding to the first orifice size 1. The illustrated
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main portion 144 has a substantially uniform cross-sectional area along its length
over the longitudinal axis LA.

[0061] The foam port insert 100 can define a pressure sensor passageway 150
which is in fluid communication with the foam passageway 115. The pressure
sensor passageway 150 can be configured to receive therein a pressure sensor 155
which is adapted to detect the pressure of a flow of aqueous foam passing through
the foam passageway 115.

[0062] The pressure sensor passageway 150 can be adapted such that a
compatible pressure sensor 155 disposed in the pressure sensor passageway 150 is
sealingly mounted to the foam port insert 100. A pressure sensor 155 can be
sealingly mounted to the foam port insert 100 and used to detect the pressure of a
flow of aqueous foam passing through the foam passageway 115. The illustrated
pressure sensor passageway 150 includes an internal threaded surface 157 which is
configured to sealingly mate with an external threaded surface 158 of a compatible
pressure sensor 155.

[0063] The illustrated foam port insert 100 defines a pressure sensor passageway
150 in fluid communication with the main portion 144 of the foam passageway 115.
By providing a path to the foam passageway 115 of the foam port insert 100 itself,
more accurate pressure readings can be obtained through the pressure sensor
passageway 150. In embodiments, the pressure sensor 155 can provide
substantially continuous pressure readings to a suitable controller. The controller
can be adapted to monitor the pressure of the flow of aqueous foam through the
foam passageway 115 and injected into the slurry passageway of the foam injection
body 305 during operation. In embodiments, the controller can be adapted to make
process changes to the supply of aqueous foam to vary a flow condition of the
aqueous foam through the foam passageway 115 in response to a pressure signal
transmitted to the controller by the pressure sensor 155.

[0064] Referring to FIG. 1, the illustrated port insert body 105 of the foam port
insert 100 includes a shoulder portion 170 extending therefrom. The pressure
sensor passageway 150 is defined in the shoulder portion 170 of the port insert body
105. The shoulder portion 170 can be included to provide adequate surrounding
structure to define the pressure sensor passageway 150 and to facilitate the
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manufacture of the foam port insert 100. For example, the shoulder portion can be
machined (e.g., drilled and tapped) to define the pressure sensor passageway. In
the illustrated embodiment, the flats 132, 133 are machined in the shoulder portion
170 of the port insert body 105.

[0065] Referring to FIG. 5, an embodiment of a second type of a foam port insert
200 constructed in accordance with principles of the present disclosure is shown.
The foam port insert 200 of FIG. 5 is similar in construction and function to the foam
port insert 100 of FIG. 1 except that the foam port insert 200 defines a second foam
passageway 215 having a second orifice 240 with a second orifice size J3. In
embodiments, the second orifice size @3 can have any suitable nominal value, such
as 7/8 of an inch, for example, which is different than the nominal value of the first
orifice size @1, such as % of an inch, for example. The illustrated second orifice size
@3 is larger than the illustrated first orifice size @1.

[0066] In other embodiments, the second type of foam port insert 200 can have a
different orifice size, such as one with an inner diameter anywhere between the inner
diameter of the second orifice 240 and the inner diameter @4 indicated in hidden
lines 241 in FIG. 5, for example. In embodiments, the orifice sizes &1, @3, D4 of the
different types of foam port inserts can be different.

[0067] The second port insert 200 is adapted to removably mount to the foam
injection body 305 in the same way as the first type of foam port insert 100 such that
the second foam passageway 215 is in fluid communication with the slurry
passageway 310 via a port opening 317 of the port passageway 315 with which it is
associated. In embodiments of a foam injection system according to principles of the
present disclosure, first and second types of foam port inserts 100, 200 can be
provided which are similar in construction, including mounting structure, but with
different orifice sizes @1, @3, @4. Each type of foam port insert 100, 200 can be
removably mounted to the same compatible foam injection body 305 so that the
respective foam passageway 115, 215 is in fluid communication with the slurry
passageway 310 of the foam injection body 305 via a port opening 317 of the port
passageway 315. The particular foam port insert 100, 200 mounted to the foam
injection body 305 can be removed and replaced with the other type of foam port
insert 100, 200 to modify the flow of aqueous foam into the slurry passage 310 of the
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mating foam injection body 305, such as to vary the foam injection pressure into the
flow of cementitious slurry passing through the slurry passageway 310 of the foam
injection body 305.

[0068] In embodiments, a foam injection system according to principles of the
present disclosure can include different types of foam port insets 100, 200 which
each has a different orifice size &1, @2, @3, etc. with a different inner diameter (and,
thus, different cross-sectional areas) for the foam passageway 115, 215. In use,
different types of foam port inserts can be removably mounted to the compatible
foam injection body 305 to vary the desired average flow velocity of the aqueous
foam into the cementitious slurry passing through the slurry passage 310 of the foam
injection body 305.

[0069] In embodiments, a foam injection system according to principles of the
present disclosure can include more than two types of foam port inserts each with a
foam passageway having a different shape and/or size configured to produce at
least one variable flow characteristic through the use of the different types of foam
port inserts. In embodiments, a foam injection system according to principles of the
present disclosure can include a set of different types of foam port inserts which
have foam passageways with different orifice sizes of a variable inner diameter over
a predetermined range, such as a set of different types of foam port inserts having a
variable orifice size between an inner diameter of ¥4 of an inch and one inch, for
example. In embodiments, the set of different types of foam port inserts can be
incrementally sized over the range of orifice sizes, such as a set of different types of
foam port inserts which have orifice sizes with an inner diameter increasingly sized
from Y4 of an inch to one inch by an increment of 1/16 of an inch (i.e., 1/4 of an inch,
5/16 of an inch, 3/8 of an inch, 7/16 of an inch, ¥z of an inch, 9/16 of an inch, 5/8 of
an inch, 11/16 of an inch, % of an inch, 13/16 of an inch, 7/8 of an inch, 15/16 of an
inch, and one inch). In other embodiments, different increments and/or ranges of
orifice sizes can be used.

[0070] Referring to FIGS. 6-8, an embodiment of a foam injection body 305
constructed in accordance with principles of the present disclosure is disclosed. The
foam injection body 305 can be made from any suitable material, such as a suitable

metal or any other suitable material which can be used to convey cementitious slurry
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therethrough during the manufacture of a cementitious product, using any suitable
technique. In embodiments, the foam injection body 305 can be made from a
suitable metal, such as, aluminum, stainless steel, brass, etc. In embodiments, at
least a portion of the foam injection body 305 can be plated with a suitable material
(e.g., chrome) to increase its durability.

[0071] Referring to FIG. 6, the foam port insert 100 of FIG. 1 is removably
mounted to the foam injection body 305. The foam injection body 305 of FIG. 6 is
compatible with the first and second types of foam port inserts 100, 200 shown in
FIGS. 1 and 5, respectively. The first and second types of foam port inserts 100,
200 shown in FIGS. 1 and 5, respectively, and the foam injection body 305 of FIG. 6
comprise an embodiment of a foam injection system 301 constructed in accordance
with principles of the present disclosure. In embodiments, a suitable number of the
first and second types of foam port inserts 100, 200 can be associated with the foam
injection body 305 (see FIG. 7, e.g.). The first and second types of foam port inserts
100, 200 can be interchangeably used with the foam injection body 305 to inject
aqueous foam into a flow of cementitious slurry passing through the foam injection
body 305 under different flow conditions. In use, a set of foam port inserts including
at least one different type of foam port insert from the other foam port inserts in the
set can be removably mounted to the foam injection body 305 at a given time.
[0072] Referring to FIG. 6, in embodiments, the foam injection body 305 defines
the slurry passageway 310 and at least one port passageway 315 in fluid
communication with the slurry passageway. In embodiments, the foam injection
body 305 defines at least two port passageways 315 in fluid communication with the
slurry passageway 310. In embodiments, the foam injection system 301 can include
a number of first and second foam port inserts 100, 200 each corresponding to the
number of port passageways 315 in the foam injection body 305.

[0073] Referring to FIG. 8, the illustrated foam injection body 305 includes four
port passageways 315 in fluid communication with the slurry passageway 310. Each
of the illustrated port passageways 315 has a similar construction. Accordingly, it
should be understood that the description of one port passageway 315 is equally
applicable to each of the other port passageways 315, as well.
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[0074] In embodiments, the slurry passageway 310 of the foam injection body
305 is adapted to receive a flow of cementitious slurry and convey it to a
downstream part of the manufacturing system. In embodiments, the foam injection
body 305 can comprise a portion of a mixer, which adapted to mix water and a
cementitious material into aqueous cementitious slurry, or a part of a discharge
conduit, which is in fluid communication with the mixer.

[0075] Referring to FIGS. 6 and 7, the illustrated foam injection body 305
comprises a part of a discharge conduit and includes a slurry inlet end 330 defining a
slurry inlet opening 332 and a slurry discharge end 334 defining a slurry discharge
opening 336. The slurry passageway 310 is in fluid communication with the slurry
inlet opening 332 and the slurry discharge opening 336. In embodiments, the slurry
inlet end 330 and the slurry discharge end 334 can be adapted to be secured to an
upstream portion and a downstream portion, respectively, of a cementitious mixing
and dispensing assembly.

[0076] The illustrated slurry inlet end 330 and slurry discharge end 334 of the
foam injection body 305 each has an external barbed surface 338, 339 which is
configured to promote a friction fit between the external barbed surface 338, 339 and
an internal surface of a suitably-sized slurry conduit. An adjustable hose clamp can
be fitted to the exterior surface of the slurry conduit, placed in overlapping
relationship with the portion of the foam injection body 305 disposed within the slurry
conduit, and tightened to further promote the retentive engagement of the slurry
conduit to the foam injection body 305.

[0077] Referring to FIG. 7, in embodiments, the slurry inlet end 330 of the foam
injection body 305 can be adapted to be placed in fluid communication with a slurry
mixer and to receive a main flow of slurry therefrom. Aqueous foam can be injected
into the main flow of slurry inside the slurry passage 310 via one or more foam port
inserts 100, 200 which are removably mounted to the foam injection body 305 to
form a foamed cementitious slurry. The foamed cementitious slurry can be
discharged from the foam injection body 305 out the slurry discharge end 334. In
embodiments, the slurry discharge end 334 of the foam injection body can be
arranged with a delivery conduit of the discharge conduit which is adapted to convey
the foamed cementitious slurry to at least one of a flow-modifying element and a
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suitable slurry distributor, such as one configured to discharge foamed slurry onto a
moving web of cover sheet material. In the illustrated embodiment, the slurry
discharge opening 336 is larger than the slurry inlet opening 332.

[0078] Referring to FIGS. 7 and 8, the inner surface 325 of the foam injection
body 305 defines the slurry passageway 310. Each port passageway 315 has a port
opening 317 in fluid communication with the slurry passageway 310. Each port
passageway 315 is disposed in substantially perpendicular relationship to a direction
of slurry flow through the slurry passage 310. In other embodiments, at least one
port passageway 315 can have a different orientation with respect to the slurry
passage 310 along at least one plane relative to the direction of slurry flow through
the slurry passageway 310.

[0079] The illustrated foam injection body 305 comprises a foam ring having an
outer circumferential surface 345 and an inner circumferential surface 347 in spaced
radial relationship to the outer circumferential surface 345. In embodiments, the
outer circumferential surface 345 can have a flat or planar surface 350 defined
therein which circumscribes a port entry 352 defined in the outer circumferential
surface 345. The inner circumferential surface 347 defines the slurry passageway
310. The port passageways 315 extend radially between the outer circumferential
surface 345 and the inner circumferential surface 347. The illustrated port
passageways 315 are substantially evenly spaced with respect to each other about
the circumference of the foam ring 305 so that they are about ninety degrees apart
from each other about the circumference.

[0080] Each type of the foam port inserts 100, 200 is adapted to removably mount
to the foam injection body 305 such that the respective foam passageway 115, 215
is in fluid communication with the slurry passageway 310 via the port opening 317 of
the port passageway 315 with which the foam port insert is associated. In the
illustrated embodiment, each port passageway 315 is configured to receive the
mounting end 112 of either the first type of the second type of foam insert therein.
Each port passageway includes an internal threaded surface adapted to sealingly
engage the mating threaded surface of the either the first type or the second type of
the foam port inserts 100, 200 disposed at the mounting end thereof.
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[0081] In embodiments, each type of foam port insert 100, 200 is adapted to
removably mount to the compatible foam injection body 305 such that the mounting
end 112, 212 of the foam port insert 100, 200 is disposed within the port
passageway 315 and the distal end face 135, 235 of the foam port insert 100, 200 is
adjacent the inner surface 325 of the foam injection body 305. In embodiments,
each one of the different types of foam port inserts 100, 200 is adapted to be
removably mounted to any one of the port passageways 315 of the foam injection
body 305.

[0082] Referring to FIGS. 7 and 8, the first type of foam port inserts 100 can be
threaded into the associated port passageway 315 until the distal end face 135 of the
foam port insert 100 contacts a bottom port wall 355 of the foam injection body 305
within the associated port passageway 315. The illustrated bottom port wall 355
defines the port opening 317 of the port passageway. The second type of foam port
insert 200 can have a similar construction.

[0083] In embodiments, the geometry of the slurry passage 310 within the foam
injection body 305 is not compromised or disrupted when the different types of foam
port inserts 100, 200 are mounted to the foam injection body 305. In embodiments,
the foam port insert 100, 200 does not project into the slurry passage 310 when it is
fully mounted to the foam injection body 305 so that the flow of cementitious slurry
through the slurry passage 310 is not disrupted by a structural feature of the foam
port insert 100, 200. In embodiments, when fully mounted to the foam injection body
305, as shown in FIG. 7, e.g., the foam port insert 100 does not leave an “empty”
area between it and the foam injection body 305 where slurry could be trapped and
build up. This build up can lead to operational issues and eventually force the board
line to shut down to clean out the foam injection body 305.

[0084] Referring to FIGS. 9-13, another embodiment of a first type of a foam port
insert 400 constructed in accordance with principles of the present disclosure is
shown. The foam port insert 400 is suitable for use in embodiments of a foam
injection system following principles of the present disclosure. The foam port insert
400 can be adapted to receive a flow of aqueous foam from a foam supply conduit in
fluid communication with a supply of aqueous foam, such as from a foam generator,

for example, and inject the foam into a cementitious slurry passing through a slurry
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passageway 610 of a foam injection body 605 of a foam injection system to which
the foam port insert 400 is removably mounted (see FIG. 15).

[0085] Referring to FIG. 9, the foam port insert 400 includes a port insert body
405 extending along a longitudinal axis LA between a foam supply end 410 and a
mounting end 412. The port insert body 405 is generally in the form of a hollow
cylinder such that the foam port insert 400 defines a first foam passageway 415
therethrough. The foam supply end 410 defines a foam inlet opening 420 (see FIG.
13 also), and the mounting end 412 defines a foam outlet opening 422. The foam
passageway 415 extends between, and is in fluid communication with, the foam inlet
opening 420 and the foam outlet opening 422.

[0086] The foam port insert 400 is adapted to removably mount to a mating foam
injection body 605 (see FIG. 16) such that the foam passageway 415 is in fluid
communication with the slurry passageway 610 of the foam injection body 605
through a port passageway 615 defined in the foam injection body 605. The foam
port insert 400 is adapted to receive a flow of agueous foam entering the foam inlet
opening and inject the flow of aqueous foam into a flow of cementitious slurry
passing through a slurry passage of a foam injection body 605 to which the foam
port insert 400 is removably mounted by discharging the flow of aqueous foam out of
the foam outlet opening.

[0087] Referring to FIGS. 9 and 12, the illustrated foam port insert 400 includes a
mounting flange 407 extending radially outwardly from the port insert body. The
mounting flange 407 defines a pair of mounting holes 408, which are each
configured to receive a fastener therethrough. In embodiments, the mounting flange
407 can define only one mounting hole 408 or more than two mounting holes 408.
Each mounting hole 408 of the mounting flange 407 can be adapted to align with a
mating mounting hole defined in the compatible foam injection body 605 so that one
or more fasteners 409 can be used to removably mount the foam port insert 400 of
FIG. 9 to the compatible foam injection body 605 (see, e.g., FIG. 16).

[0088] Referring to FIGS. 9-12, the foam port insert 400 of FIG. 9 is configured to
removably mount to a compatible foam injection body 605 such that the mounting
end 412 of the foam port insert 400 is disposed within a port passageway 615
defined in the foam injection body 605. The mounting end 412 of the illustrated foam
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port insert 400 includes a distal portion 424 having a reduced exterior diameter to
define an intermediate shoulder 426 with a sealing face 428. An elastomeric o-ring
430 can be fitted around the distal portion 424 and placed against the sealing face
428. The sealing face 428 and the mounting flange 407 of the foam port insert 400
can be disposed with respect to each other such that the o-ring 430 can be
compressed to become in sealing contact with the sealing face 428 and a
counterbore sealing surface 616 of the foam injection body 605 when the mounting
flange is in engaging contact with the portion of the foam injection body 605 to which
it is mounted (see, e.g., FIG. 16).

[0089] Referring to FIG. 10, in embodiments, the foam port insert 400 can be
adapted to include a flush-mounting feature wherein the mounting end 412 of the
foam port insert 400 is substantially flush with the interior geometry of the slurry
passage 610 of a compatible foam injection body 605. In the illustrated embodiment,
the mounting end 412 of the foam port insert 400 has a distal end face 435 with a
concave portion 436 with a radius of curvature R1. The illustrated foam port insert
400 is adapted to removably mount to the foam injection body 605 such that the
mounting end 412 of the foam port insert 400 is disposed within the port passageway
615 and the distal end face 435 of the foam port insert 400 is adjacent the inner
surface 625 of the foam injection body 605 and the concave portion 436 of the distal
end face 435 is substantially concentrically disposed with respect to a similarly-
shaped concave portion 618 of the inner surface 625 of the foam injection body 605
(see FIG. 17) to define a substantially flush interface therebetween.

[0090] In embodiments, a foam port insert constructed following principles of the
present disclosure can include an anti-rotation mechanism and an alignment
mechanism. In embodiments, the same structure of the foam port insert can be
configured to prevent the foam port insert from rotating relative to a mating foam
injection body and to orient the foam port insert in at least one particular orientation
with respect to the foam injection body.

[0091] Referring to FIGS. 9-12, the illustrated foam port insert 400 includes a rib
438 projecting from the port insert body 405 and extending along the longitudinal
axis LA. The rib 438 can be provided to help prevent the foam port insert 400 from
rotating about the longitudinal axis LA when mounted to the foam injection body 605
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and to provide an alignment mechanism. The rib 438 can be configured to be
complementary to a keyway 622 defined in the foam injection body 605 and
associated with the port passageway 615 to retentively receive the rib therein (see
FIG.17,e.g.).

[0092] When the foam port insert 400 is mounted to the foam injection body 605,
the foam port insert 400 is substantially constrained from rotating about the
longitudinal axis LA relative to the foam injection body 605 by the interengagement
of the rib 438 and the keyway 622. The rib 438-and-keyway 622 configuration can
be adapted to align the distal end face 435 of the mounting end 412 of the foam port
insert 400 with the concave area 618 of the inner surface 625 surrounding the port
opening 617 of the foam injection body 605 (see FIG. 17) when the foam port insert
400 is mounted to the foam injection body 605 with the rib 438 disposed within the
keyway 622 to provide a substantially continuous inner surface-foam injection port
interface to help maintain the geometry of the slurry passageway 610.

[0093] In other embodiments, a foam port insert and a foam injection body
constructed according to principles of the present disclosure can include different
alignment and anti-rotation mechanisms. For example, in embodiments, the foam
port insert can include a pair of alignment flats, or planar surfaces, disposed in
spaced, substantially parallel relationship to each other. The alignment flats are
disposed axially along the foam port insert between the flange and the mounting end
of the foam port insert. The alignment flats can be configured to be complementary
to a portion of the port passageway defined in the foam injection to retentively
receive the pair of alignment flats therein. For example, in embodiments, the outer
circumferential surface of the foam injection body can define a groove or channel
disposed in overlying relationship with the port entry such that the port passageway
has a cross-section along the passageway that is generally T-shaped.

[0094] The alignment flats of the foam port inset are configured to retentively
engage the groove in the foam injection body adjacent the port entry such that the
foam port insert is constrained from rotating about its longitudinal axis LA relative to
the foam injection body by the interengagement of the alignment flats and the
groove. The alignment flats-and-groove configuration can be adapted to align the
distal end face of the mounting end of the foam port insert with the concave area of
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the inner surface surrounding the port opening of the foam injection body when the
foam port insert is mounted to the foam injection body with the alignment flats
disposed within the groove of the foam injection body to provide a substantially
continuous inner surface-foam injection port interface to help maintain the geometry
of the slurry passageway defined by the foam injection body. In yet other
embodiments, the foam port insert and/or the foam injection body can have an
alignment mechanism and/or an anti-rotation mechanism with a different
configuration.

[0095] Referring to FIG. 13, the construction and function of the foam port insert
400 of FIG. 9 is similar in other respects to the foam port insert 100 of FIG. 1. For
example, the foam supply end 410 can be adapted for retentive engagement with a
foam supply conduit in a similar manner as described above. The foam port insert
400 defines a pressure sensor passageway 450 in fluid communication with the first
foam passageway 415 in a similar way as the foam port insert 100 of FIG. 1. Also,
the foam passageway 415 of the foam port insert 400 of FIG. 9 can have a similar
geometry to a foam passageway 115, 215 defined in embodiments of a foam port
insert 100, 200 described above.

[0096] Referring to FIG. 13, the first foam passageway 415 of the foam port insert
400 has a first orifice 440 with a first orifice size @4. Referring to FIG. 14, an
embodiment of a second type of a foam port insert 500 constructed in accordance
with principles of the present disclosure is shown. The foam port insert 500 of FIG.
14 is similar in construction and function to the foam port insert 400 of FIG. 9 except
that the foam port insert 500 defines a foam passageway 515 having a second
orifice 540 with a second orifice size @s that is different than the first orifice size @4 of
the foam passageway 415 of the foam port insert 400 of FIG. 9 (see FIG. 13). In
embodiments, the second orifice size @5 can have any suitable nominal value, such
as 3/8 of an inch, for example, which is different than the nominal value of the first
orifice size @4, such as % of an inch, for example. In embodiments, the orifice sizes
@4, D5 of the different types of foam port inserts 400, 500 can be different. In other
embodiments, the second type of foam port insert 500 can have a different orifice
size s, such as one with an inner diameter in a predetermined range, such as

between about ¥4 of an inch and one inch, for example.
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[0097] The second port insert 500 of FIG. 14 is adapted to removably mount to
the foam injection body 605 in the same way as the first type of foam port insert 400
of FIG. 9 such that the second foam passageway 515 is in fluid communication with
the slurry passageway 610 via the port opening 617 of the port passageway 615. In
embodiments of a foam injection system according to principles of the present
disclosure, first and second types of foam port inserts 400, 500 can be provided
which are similar in construction, including mounting structure, but with different
orifice sizes @4, @s. In embodiments, one type of foam port insert 400, 500 mounted
to the foam injection body 605 can be removed and replaced with another type of
foam port insert 400, 500 to modify the flow of aqueous foam into the slurry passage
610 of the mating foam injection body 605, such as to vary the foam injection
pressure into the flow of cementitious slurry passing through the slurry passageway
610 of the foam injection body 605.

[0098] Referring to FIGS. 15-17, an embodiment of a foam injection body 605
constructed in accordance with principles of the present disclosure is disclosed.
Referring to FIG. 15, the foam port insert 400 of FIG. 9 is removably mounted to the
foam injection body 605. The foam injection body 605 of FIG. 9 is compatible with
the first and second types of foam port inserts 400, 500 shown in FIGS. 9 and 14,
respectively. The first and second types of foam ports 400, 500 shown in FIGS. 9
and 14, respectively, and the foam injection body 605 of FIG. 15 comprise an
embodiment of a foam injection system constructed in accordance with principles of
the present disclosure.

[0099] In embodiments, a suitable number of the first and second types of foam
port inserts 400, 500 can be associated with the foam injection body 605. The first
and second types of foam port inserts 400, 500 can be interchangeably used with
the foam injection body 605 to inject aqueous foam into a flow of cementitious slurry
passing through the foam injection body 605 under different flow conditions. In
embodiments, a foam injection system according to principles of the present
disclosure can include more than two types of foam port inserts, each with a foam
passageway having a different shape and/or size configured to produce at least one
variable flow characteristic through the use of the different types of foam port inserts.
In embodiments, a foam injection system according to principles of the present
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disclosure can include a set of different types of foam port inserts which have a
variable inner diameter over a predetermined range of orifice sizes. In
embodiments, at least two different types of foam port inserts 400, 500 can be
removably mounted within the respective port passageways of the foam injection
body at a given time.

[00100] Referring to FIGS. 15-17, the illustrated foam injection body 605 includes
four port passageways 615 in fluid communication with the slurry passageway 610.
Each of the illustrated port passageways 615 has a similar construction.
Accordingly, it should be understood that the description of one port passageway
615 is equally applicable to each of the other port passageways 615, as well. In
embodiments, the foam injection body 605 defines a different number of port
passageways 615 in fluid communication with the slurry passageway 610. In
embodiments, the foam injection system can include a number of first and second
foam port inserts 400, 500 each corresponding to the number of port passageways
615 in the foam injection body 605.

[00101] Referring to FIG. 15, for each port passageway 615, the foam injection
body 605 defines a pair of mating mounting holes 648 in a generally-planar seating
face 650 of the foam injection body 605. The seating face 650 is configured to
engagingly contact the mounting flange 407 of any of the first and second types of
foam port inserts 400, 500 for the removable mounting of the foam port insert 400,
500 to the foam injection body 605.

[00102] The mating mounting holes 648 can be configured such that the mounting
holes 408 of the mounting flange 407 are alignable with the mating mounting holes
648 of the foam injection body 605 when the mounting end 412 of the respective
foam port insert 400, 500 is aligned with the associated port passageway 615 and
the mounting flange 407 is adjacent the foam injection body 605 (see FIG. 16 also).
The mating mounting holes 648 can have an internal threaded surface which is
configured to threadingly engage a suitable fastener 409. In the illustrated
embodiment, the mounting holes 408 of the respective foam port insert 400, 500 are
in aligned relationship with the mating mounting holes 648 of the foam injection body
when the rib 438 of the foam port insert 400, 500 is disposed within the keyway 622
of the port passageway 615 with which the foam port insert 400, 500 is associated.
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[00103] Referring to FIG. 16, the foam port insert 400 is disposed within one of the
port passageways 615 of the foam injection body 605. A pair of threaded fasteners
409 respectively extends through the mounting holes of the mounting flange 407 of
the foam port insert 400 and is respectively threadingly engaged with an internal
threaded surface within the mating mounting holes of the foam injection body 605 to
removably mount the foam port insert 400 to the foam injection body 605. With the
mounting flange 407 of the foam port insert 400 seated upon the seating face 650 of
the foam injection body 6095, the o-ring 430 disposed about the distal portion 424 of
the mounting end 412 of the foam port insert 400 is sealingly compressed between
the sealing face 428 of the foam port insert 400 and the counterbore sealing surface
616 of the foam injection body 605 to provide a sealing relationship therebetween.
[00104] Referring to FIG. 17, the illustrated foam injection body 605 is in the form
of a foam ring which can be used as a part of a discharge conduit. The illustrated
foam injection body 605 has an inner circumferential surface 645 defining the slurry
passageway 610. The inner circumferential surface 645 has a concave portion 618
adjacent each port passageway 615 with a radius of curvature Rz substantially the
same as the curved distal end face of the first port insert. Each of the different types
of foam port insert 400, 500 is adapted to removably mount to the foam injection
body 605 such that the mounting end 412, 512 of the foam port insert 400, 500 is
disposed within the port passageway 615 and the distal end face 435, 535 of the
foam port insert 400, 500 is substantially aligned with the inner surface 625 of the
foam injection body 605 which defines the slurry passageway 610.

[00105] Referring to FIGS. 15-17, each port passageway 615 of the illustrated
foam injection body 605 includes a keyway 622 configured to retentively receive the
rib of one of the first or second types of foam port inserts 400, 500 therein. When
either of the first or second types of foam port inserts 400, 500 is mounted to the
foam injection body 605, the rib 438 is disposed within the keyway 622, and the foam
port insert 400, 500 is substantially constrained from rotating about the longitudinal
axis LA relative to the foam injection body 605 by the interengagement of the rib 438
and the keyway 622. In other embodiments, the rib 438 and keyway 622 can each
have a different size and/or shape but which is still configured to prevent relative
rotation between the foam port insert 400, 500 and the foam injection body 605.
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[00106] In embodiments, at least one of the foam injection body and the different
types of foam port inserts 400, 500 can include an alignment feature adapted to
facilitate the flush-mounting feature of the foam port inserts 400, 500 wherein the
mounting end 412, 512 of the respective foam port insert 400, 500 is substantially
flush with the interior geometry of the slurry passage 610 of the compatible foam
injection body 605. The illustrated rib and keyway configuration imparts a mounting
polarity for each type of foam port insert 400, 500 such that the foam port inserts
400, 500 are removably mounted to the foam injection body 605 in a particular
orientation.

[00107] In the illustrated embodiment, the mounting polarity of the first and second
types of foam port inserts 400, 500 is configured such that each distal end face 435,
535 of the different types of foam port inserts 400, 500 is disposed in substantially
conforming relationship with the inner surface 625 of the foam passageway 610.
When mounted to the foam injection body 605, the concave portion 436, 536 of the
distal end face 435, 535 of the foam port insert 400, 500 is substantially
concentrically disposed with the inner surface 625 of the foam injection body 605
(see FIG. 17) such that the curvature of the distal end face 435, 535 of the foam port
insert 400, 500 is aligned with the curvature of the inner surface 625 of the foam
injection body 605 to present a substantially flush relationship between the distal end
face 435, 535 and the inner surface 625 of the foam injection body 605.

[00108] The foam injection body 605 of FIG. 15 can be similar in other respects to
the foam injection body 305 of FIG. 6. For example, the slurry passage 610 of the
foam injection body 605 can be substantially the same in construction and function
as the slurry passage 310 of the foam injection body 305 of FIG. 6.

[00109] In embodiments, a foam injection system 701 constructed in accordance
with principles of the present disclosure can be placed in fluid communication with a
slurry mixer 705, for example, as shown in FIGS. 18 and 19, to produce a foamed
cementitious slurry. In embodiments, the foam injection system 701 can be placed
in fluid communication with the mixer 705 by being attached directly to the mixer 705
and/or a discharge conduit 710 attached to, and in fluid communication with, the
mixer 705.
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[00110] Referring to FIG. 18, an embodiment of a cementitious slurry mixing and
dispensing assembly 700 constructed in accordance with principles of the present
disclosure is shown. The cementitious slurry mixing and dispensing assembly 700
includes a mixer 705, a slurry discharge conduit 710, and a foam injection system
701.

[00111] The mixer 705 is adapted to agitate water and a cementitious material to
form aqueous cementitious slurry. The slurry mixer 705 is in fluid communication
with the discharge conduit 710 and the foam injection system 701. Both the water
and the cementitious material can be supplied to the mixer 705 via one or more
inlets as is known in the art. In embodiments, any other suitable slurry additive can
be supplied to the mixer 705 as is known in the art of manufacturing cementitious
products. Any suitable mixer (e.g., a pin mixer) can be used with the slurry mixing
and dispensing assembly 700.

[00112] The slurry discharge conduit 710 is in fluid communication with the mixer
705. In embodiments, the slurry discharge conduit 710 can comprise any suitable
discharge conduit component as will be appreciated by one skilled in the art. The
illustrated discharge conduit 710 includes a delivery conduit 720, a foam injection
body 305 of the foam injection system 701, a flow-modifying element 730, and a
slurry distributor 740.

[00113] The discharge conduit 710 is configured to deliver a main flow of
cementitious slurry from the mixer downstream to a further manufacturing station
(e.g., upon a moving web of cover sheet material in embodiments used to produce
gypsum wallboard). In embodiments, the delivery conduit 720 can be made from
any suitable material and can have different shapes. In some embodiments, the
delivery conduit 720 can comprise a flexible conduit.

[00114] In embodiments, the flow-modifying element 730 is a part of the discharge
conduit 710 and is adapted to modify a flow of cementitious slurry from the mixer 705
through the discharge conduit 710. The flow-modifying element 730 is disposed
downstream of the foam injection body 305 relative to a flow direction of the flow of
cementitious slurry from the mixer 705 through the discharge conduit 710. In
embodiments, one or more flow-modifying elements 730 can be associated with the
discharge conduit 710 and adapted to control a main flow of slurry discharged from
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the slurry mixer 705. The flow-modifying element(s) 730 can be used to control an
operating characteristic of the main flow of aqueous cementitious slurry. In the
illustrated embodiment of FIGS. 18 and 19, the flow-modifying element(s) 730 is
associated with the discharge conduit 710. Examples of suitable flow-modifying
elements include volume restrictors, pressure reducers, constrictor valves, canisters
etc., including those described in U.S. Patent Nos. 6,494,609; 6,874,930; 7,007,914;
and 7,296,919, for example.

[00115] In embodiments, the slurry distributor 740 can be any suitable terminal
portion of a conventional discharge conduit, such as a length of conduit in the form of
a flexible hose or a component commonly referred to as a “boot.” In embodiments,
the boot can be in the form of a multi-leg discharge boot.

[00116] In other embodiments, the slurry distributor 740 can be similar to those
shown and described in U.S. Patent Application Nos. 2012/0168527; 2012/0170403;
2013/0098268; 2013/0099027; 2013/0099418; 2013/0100759; 2013/0216717;
2013/0233880; and 2013/0308411. In some of such embodiments, the discharge
conduit 710 can include suitable components for splitting a main flow of cementitious
slurry into two flows which are re-combined in the slurry distributor 740.

[00117] The foam injection system 701 is arranged with at least one of the mixer
705 and the slurry discharge conduit 710. The foam injection system 701 can
include a foam source 750 (e.g., such as a foam generation system configured as
known in the art), a foam supply conduit 755, a foam injection body 305, at least one
first type of foam port insert 100, and at least one second type of foam port insert
200. In the illustrated embodiment, the foam injection system includes at least four
of the first type of foam port inserts 100 and at least four of the second type of foam
port inserts 200.

[00118] In embodiments, any suitable foam source 750 can be used. Preferably,
the aqueous foam is produced in a continuous manner in which a stream of a mix of
foaming agent and water is directed to a foam generator, and a stream of the
resultant aqueous foam leaves the generator and is directed to and mixed with the
cementitious slurry. In embodiments, any suitable foam source and foaming agent
can be used. Some examples of suitable foaming agents are described in U.S.
Patent Nos. 5,683,635 and 5,643,510, for example.
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[00119] In embodiments, aqueous foam from the foam source 750 can be added
to the constituent materials through the foam supply conduit 755 and at least one of
the foam port inserts 100, 200 at any suitable location downstream of the mixer 102
and/or in the mixer 102 itself (with a suitable foam injection body) to form a foamed
cementitious slurry. In embodiments, the aqueous foam supply conduit 755 can be
in fluid communication with at least one of the slurry mixer 705 and the delivery
conduit 710. In the illustrated embodiment, the foam supply conduit 755 is disposed
downstream of the slurry mixer 705. In the illustrated embodiment, the aqueous
foam supply conduit 755 has a manifold-type arrangement for supplying foam to four
foam port inserts 100 removably mounted to the foam injection body 305, which is in
the form of an injection ring or block associated with the discharge conduit 710.
[00120] In other embodiments, one or more secondary foam supply conduits can
be provided, each of which being in fluid communication with the mixer 705. In yet
other embodiments, the aqueous foam supply conduit(s) can be in fluid
communication with the slurry mixer alone 705. As will be appreciated by those
skilled in the art, the means for introducing aqueous foam into the cementitious slurry
in the slurry mixing and dispensing assembly 700, including its relative location in the
assembly, can be varied and/or optimized to provide a uniform dispersion of
aqueous foam in the cementitious slurry to produce board that is fit for its intended
purpose.

[00121] In embodiments, the foam injection body 305 comprises a part of at least
one of the mixer 705 and the slurry discharge conduit 710. The illustrated foam
injection body 305 comprises a part of the discharge conduit 710. The foam injection
body 305 can define a slurry passageway and at least one port passageway as
explained above. The slurry passageway is configured to convey cementitious slurry
therethrough and, in the illustrated embodiment, forms a part of the discharge
conduit 710. In embodiments, the foam injection body 305 defines at least two port
passageways. The illustrated foam injection body 305 defines four port
passageways.

[00122] Each port passageway has a port opening in fluid communication with the
slurry passageway. The foam injection system 701 can include a number of each of
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the first and second types of foam port inserts 100, 200 which corresponds to the
number of port passageways in the foam injection body 305.

[00123] The illustrated foam injection body 305 comprises a foam ring which has
an outer circumferential surface and an inner circumferential surface in spaced radial
relationship to the outer circumferential surface. Each port passageway extends
radially between the outer circumferential surface and the inner circumferential
surface. The inner circumferential surface defines the slurry passageway.

[00124] Each of the first type of foam port inserts 100 defines a first foam
passageway having a first orifice with a first orifice size, as explained above. The
first type of foam port insert 100 is adapted to be removably mounted to the foam
injection body 305 such that the first foam passageway is in fluid communication with
the slurry passageway via the port opening of the port passageway.

[00125] Each of the second type of foam port inserts 200 defines a second foam
passageway having a second orifice with a second orifice size, as explained above.
The second type of foam port insert 200 is adapted to be removably mounted to the
foam injection body 305 such that the second foam passageway is in fluid
communication with the slurry passageway via the port opening of the port
passageway. The second orifice size is different than the first orifice size.

[00126] In use, a main flow of cementitious slurry is discharged from the mixer 705
into the discharge conduit 710, aqueous foam is inserted into the main flow of
cementitious slurry traveling through the foam injection body 305 via a flow of
aqueous foam passing through each of the first type of foam port inserts 100
removably mounted to the foam injection body 305 to produce a flow of foamed
slurry. The flow-modifying element(s) 730 controls an operating characteristic of the
flow of foamed slurry. The flow of foamed slurry is directed into the slurry distributor
740, which can be any suitable terminal portion of a discharge conduit 710. To vary
the flow of aqueous foam into the cementitious slurry passing through the foam
injection body 305, the first type of foam port inserts 100 can be replaced by the
second type of foam port inserts 200.

[00127] When the foamed cementitious slurry sets and is dried, the foam
dispersed in the slurry produces air voids therein which act to lower the overall
density of the cementitious product. The amount of foam and/or amount of air in the
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foam can be varied to adjust the density of the dry cementitious product such that
the resulting product is within a desired weight range.

[00128] Referring to FIG. 19, an exemplary embodiment of a wet end 750 of a
gypsum wallboard manufacturing line is shown. The illustrated wet end 750 includes
the cementitious slurry mixing and dispensing assembly 700 including the foam
injection system 701 according to principles of the present disclosure, a hard
edge/face skim coat roller 752 disposed upstream of the slurry distributor 740 of the
discharge conduit 710 and supported over a forming table 754 such that a first
moving web 756 of cover sheet material is disposed therebetween, a back skim coat
roller 758 disposed over a support element 760 such that a second moving web 762
of cover sheet material is disposed therebetween, and a forming station 764 adapted
to shape the preform into a desired thickness. The skim coat rollers 752, 758, the
forming table 754, the support element 760, and the forming station 764 can all
comprise conventional equipment suitable for their intended purposes as is known in
the art. The wet end 750 can be equipped with other conventional equipment as is
known in the art.

[00129] Water and calcined gypsum can be mixed in the mixer 705 to form an
aqueous calcined gypsum slurry. In some embodiments, the water and calcined
gypsum can be continuously added to the mixer in a water-to-calcined gypsum ratio
from about 0.5 to about 1.3, and in other embodiments of about 0.75 or less.
[00130] Gypsum board products are typically formed “face down” such that the
advancing web 156 serves as the “face” cover sheet of the finished board. A face
skim coat/hard edge stream 766 (a layer 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 756 upstream of the hard edge/face
skim coat roller 752, relative to the machine direction 768, to apply a skim coat layer
to the first web 756 and to define hard edges of the board.

[00131] Referring to FIGS. 7 and 18, the foam injection system 701 can be used to
inject aqueous foam into the calcined gypsum slurry produced by the mixer 705. A
main flow 721 of aqueous calcined gypsum slurry is discharged from the mixer 705
into the discharge conduit 710 including the foam injection body 305. The main flow
721 of aqueous calcined gypsum slurry enters the slurry passageway defined in the
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foam injection body 305. A flow 722 of aqueous foam is conveyed to each foam
passageway 115 of the first type of foam port inserts 100, which are removably
mounted to a foam injection body 305 (see FIG. 7 also). The flow 722 of aqueous
foam in each of the foam passageways 115 of the first port inserts 100 is injected
through the respective port opening 317 into the main flow 721 of aqueous calcined
gypsum slurry passing through the slurry passageway 310 to form a flow 723 of
foamed calcined gypsum slurry. The flow 723 of foamed calcined gypsum slurry can
be acted upon by one or more flow-modifying elements 730 and discharged from the
slurry distributor 740 of the discharge conduit 710 upon the first moving web 756.
[00132] To vary the flow of agueous foam into the main flow 721 of aqueous
calcined gypsum slurry passing through the slurry passageway 310, the first type of
foam port inserts 100 can be removed and replaced with the second type of foam
port inserts 200. In embodiments, the second type of foam port inserts 200 are
adapted to vary a flow condition of the flow of aqueous foam therethrough relative to
the flow of the aqueous foam through the first type of foam port inserts. In
embodiments, the first and second types of foam port inserts 100, 200 have different
orifice sizes. In embodiments, the flow of aqueous foam through the first type of
foam port inserts 100, 200 has a different pressure than the flow of agueous foam
through the second type of foam port inserts.

[00133] The face skim coat/hard edge stream 766 can be deposited from the mixer
705 at a point upstream, relative to the direction of movement of the first moving web
756 in the machine direction 768, of where the flow 723 of foamed calcined gypsum
slurry is discharged from the discharge conduit 710 upon the first moving web 756.
A back skim coat stream 784 (a layer of denser aqueous calcined gypsum slurry
relative to the main flow of foamed calcined gypsum slurry) can be applied to the
second moving web 762. The back skim coat stream 784 can be deposited from the
mixer 705 at a point upstream, relative to the direction of movement of the second
moving web 762, of the back skim coat roller 758. The second moving web 762 of
cover sheet material can be placed upon the foamed slurry discharged from the
discharge conduit 710 upon the advancing first web 756 to form a sandwiched
wallboard preform that is fed to the forming station 764 to shape the preform to a
desired thickness. In embodiments, aqueous foam or other agents can be added to
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the slurry comprising the face skim coat and/or back skim coat to reduce its density,
but at a density that is greater than the foamed slurry dispensed from the discharge
conduit 710.

[00134] In one aspect of the present disclosure, exemplary embodiments of a foam
injection system constructed in accordance with principles of the present disclosure
can be used in a cementitious slurry mixing and dispensing assembly. In
embodiments, a foam injection system includes a foam injection body, a first port
insert, and a second port insert. The foam injection body defines a slurry
passageway and a port passageway. The port passageway has a port opening in
fluid communication with the slurry passageway. The first port insert defines a first
foam passageway having a first orifice with a first orifice size. The first port insert is
adapted to removably mount to the foam injection body such that the first foam
passageway is in fluid communication with the slurry passageway via the port
opening of the port passageway. The second port insert defines a second foam
passageway having a second orifice with a second orifice size. The second port
insert is also adapted to removably mount to the foam injection body such that the
second foam passageway is in fluid communication with the slurry passageway via
the port opening of the port passageway. The second orifice size is different than
the first orifice size.

[00135] In a first variation of foam injection system embodiments, the foam
injection body defines at least two port passageways. Each port passageway has a
port opening in fluid communication with the slurry passageway. The foam injection
system further comprises a number of first and second port inserts each
corresponding to the number of port passageways in the foam injection body.
[00136] In some of the first variation of foam injection system embodiments, the
foam injection body comprises a foam ring having an outer circumferential surface
and an inner circumferential surface in spaced radial relationship to the outer
circumferential surface. The port passageway extends radially between the outer
circumferential surface and the inner circumferential surface, and the inner
circumferential surface defines the slurry passageway.

[00137] In a second variation of foam injection system embodiments, the first port
insert includes a port insert body having a foam supply end and a mounting end.
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The foam supply end is adapted for retentive engagement with a foam supply
conduit and defines a foam inlet opening. The mounting end defines a foam outlet
opening. The first foam passageway extends between and in fluid communication
with the foam inlet opening and the foam outlet opening.

[00138] In a first set of the second variation of foam injection system embodiments,
the foam inlet opening is larger than the first orifice, and the first foam passageway
includes a tapered entry portion and a main portion. The tapered entry portion
includes the foam inlet opening and an entry outlet opening in fluid communication
with the main portion. The entry outlet opening is smaller than the foam inlet
opening and corresponds to the first orifice size such that the entry portion narrows
from the foam inlet opening to the entry outlet opening. The main portion includes
the foam outlet opening and has a cross-sectional size corresponding to the first
orifice size. In some of the first set of the second variation of foam injection system
embodiments, the first port insert defines a pressure sensor passageway in fluid
communication with the main portion of the first foam passageway.

[00139] In a second set of the second variation of foam injection system
embodiments, the mounting end includes a threaded surface adapted to retentively
engage a mating threaded surface of the foam injection body associated with the
port passageway. In some of the these embodiments, the threaded surface of the
mounting end defines an axis of rotation about which the first port insert rotates to
threadingly engage and disengage the mating threaded surface of the foam injection
body, and the port insert body includes a pair of planar surfaces in spaced
relationship to each other. The planar surfaces are substantially parallel to each
other and to the axis of rotation.

[00140] In a third variation of foam injection system embodiments, the first port
insert includes a port insert body having a foam supply end and a mounting end.
The port insert body extends along a longitudinal axis between the foam supply end
and the mounting end. The first port insert includes a mounting flange extending
radially outwardly from the port insert body. The mounting flange defines a mounting
hole configured to receive a fastener therethrough. The foam injection body defines
a mating mounting hole therein configured such that the mounting hole of the
mounting flange is alignable with the mating mounting hole of the foam injection
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body when the mounting end of the first port insert is aligned with the port
passageway and the mounting flange is adjacent the foam injection body.

[00141] In a first set of the third variation of foam injection system embodiments,
the mounting end of the first port insert has a distal end face, and the foam injection
body has an inner surface defining the slurry passageway. The first port insert is
adapted to removably mount to the foam injection body such that the mounting end
of the first port insert is disposed within the port passageway and the distal end face
of the first port insert is substantially aligned with the inner surface of the foam
injection body.

[00142] In a second set of the third variation of foam injection system
embodiments, the first port insert includes a rib projecting from the port insert body
and extending along the longitudinal axis. The foam injection body defines a keyway
configured to retentively receive the rib therein such that the first port insert is
substantially constrained from rotating about the longitudinal axis relative to the foam
injection body by the interengagement of the rib and the keyway.

[00143] In some of the second set of the third variation of foam injection system
embodiments, the mounting end of the first port insert has a distal end face with a
concave portion having a radius of curvature, and the foam injection body has an
inner curved surface defining the slurry passageway. The inner curved surface has
a concave portion adjacent the port passageway with a radius of curvature
substantially the same as the concave portion of the distal end face of the first port
insert. The first port insert is adapted to removably mount to the foam injection body
such that the mounting end of the first port insert is disposed within the port
passageway and the concave portion of the distal end face of the first port insert is
substantially concentrically disposed with respect to the concave portion of the foam
injection body to define a substantially flush interface therebetween.

[00144] In a fourth variation of foam injection system embodiments, the mounting
end of the first port insert has a distal end face, and the foam injection body has an
inner surface defining the slurry passageway. The first port insert is adapted to
removably mount to the foam injection body such that the mounting end of the first
port insert is disposed within the port passageway and the distal end face of the first
port insert is adjacent the inner surface of the foam injection body.
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[00145] In a fifth variation of foam injection system embodiments, the first port
insert includes a port insert body having a foam supply end and a mounting end.
The port insert body extends along a longitudinal axis between the foam supply end
and the mounting end. The first port insert includes a rib projecting from the port
insert body and extending along the longitudinal axis. The foam injection body
defines a keyway configured to retentively receive the rib therein such that the first
port insert is substantially constrained from rotating about the longitudinal axis
relative to the foam injection body by the interengagement of the rib and the keyway.
[00146] In a sixth variation of foam injection system embodiments, the first port
insert defines a pressure sensor passageway in fluid communication with the first
foam passageway.

[00147] In another aspect of the present disclosure, exemplary embodiments of a
cementitious slurry mixing and dispensing assembly constructed in accordance with
principles of the present disclosure can include a foam injection system adapted to
inject aqueous foam into a flow of cementitious slurry produced in the assembly. In
embodiments, a slurry mixing and dispensing assembly includes a mixer, a slurry
discharge conduit, and a foam injection system.

[00148] The mixer is adapted to agitate water and a cementitious material to form
aqueous cementitious slurry. The slurry discharge conduit is in fluid communication
with the mixer.

[00149] The foam injection system is arranged with at least one of the mixer and
the slurry discharge conduit. The foam injection system includes a foam injection
body, a first port insert, and a second port insert.

[00150] The foam injection body comprises a part of at least one of the mixer and
the slurry discharge conduit. The foam injection body defines a slurry passageway
and a port passageway. The slurry passageway is configured to convey
cementitious slurry therethrough. The port passageway has a port opening in fluid
communication with the slurry passageway.

[00151] The first port insert defines a first foam passageway having a first orifice
with a first orifice size. The first port insert is adapted to removably mount to the
foam injection body such that the first foam passageway is in fluid communication
with the slurry passageway via the port opening of the port passageway.
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[00152] The second port insert defines a second foam passageway having a
second orifice with a second orifice size. The second port insert is adapted to
removably mount to the foam injection body such that the second foam passageway
is in fluid communication with the slurry passageway via the port opening of the port
passageway. The second orifice size is different than the first orifice size.

[00153] In some embodiments of a cementitious slurry mixing and dispensing
assembly, the foam injection body comprises a part of the discharge conduit. In
some of such embodiments, the foam injection body comprises a foam ring having
an outer circumferential surface and an inner circumferential surface in spaced radial
relationship to the outer circumferential surface. The port passageway extends
radially between the outer circumferential surface and the inner circumferential
surface, and the inner circumferential surface defines the slurry passageway.
[00154] In some embodiments of a cementitious slurry mixing and dispensing
assembly, the foam injection body defines at least two port passageways. Each port
passageway has a port opening in fluid communication with the slurry passageway.
The assembly further comprises a number of first and second port inserts each
corresponding to the number of port passageways in the foam injection body.
[00155] In some embodiments of a cementitious slurry mixing and dispensing
assembly, the assembly further comprises a flow-modifying element associated with
the discharge conduit and adapted to modify a flow of cementitious slurry from the
mixer through the discharge conduit. The flow-modifying element is disposed
downstream of the foam injection body relative to a flow direction of the flow of
cementitious slurry from the mixer through the discharge conduit.

[00156] In another aspect of the present disclosure, a foam injection system
constructed in accordance with principles of the present disclosure can be used in a
variety of manufacturing processes. For example, in embodiments, a foam injection
system can be used in a method of preparing a cementitious product, such as a
gypsum board.

[00157] In embodiments of a method of preparing a cementitious product, a main
flow of aqueous cementitious slurry is discharged from a mixer. The main flow of
aqueous cementitious slurry is passed through the slurry passage of the foam
injection body.
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[00158] A flow of aqueous foam is conveyed to a first foam passageway of a first
port insert, which is removably mounted to a foam injection body. The foam injection
body defines a slurry passageway and a port passageway. The port passageway
has a port opening in fluid communication with the slurry passageway. The first port
insert is removably mounted to the foam injection body such that the first foam
passageway is in fluid communication with the slurry passageway via the port
opening of the port passageway. The flow of aqueous foam in the first foam
passageway of the first port insert is injected under a first flow condition into a flow of
aqueous cementitious slurry passing through the slurry passageway to form a flow of
foamed cementitious slurry. The main flow of agueous cementitious slurry from the
mixer can comprise the flow of aqueous cementitious slurry passing through the
slurry passageway into which the flow of aqueous foam in the first foam passageway
of the first port insert is injected to form the flow of foamed cementitious slurry.
[00159] In embodiments, the pressure of the flow of aqueous foam in the first foam
passageway of the first port insert can be measured. In embodiments, the first type
of foam port insert can be removed and replaced with another type of foam port
insert configured to produce a different pressure of the flow of aqueous foam in the
other type of foam port insert.

[00160] The first foam port insert can be disengaged from the foam injection body.
A second port insert can be removably mounted to the foam injection body. The
second port insert defined a second foam passageway. The second port insert is
removably mounted to the foam injection body such that the second foam
passageway is in fluid communication with the slurry passageway via the port
opening of the port passageway. The second foam passageway is different than the
first foam passageway.

[00161] A flow of aqueous foam is conveyed to the second foam passageway of
the second port insert removably mounted to the foam injection body. The flow of
aqueous foam in the second foam passageway of the second port insert is injected
under a second flow condition into a flow of aqueous cementitious slurry passing
through the slurry passageway to form a flow of foamed cementitious slurry. The
second flow condition is different than the first flow condition.
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[00162] In embodiments, the first foam passageway of the first port insert has a
first orifice with a first orifice size. The second port insert defines a second foam
passageway having a second orifice with a second orifice size. The second orifice
size is different than the first orifice size.

[00163] In embodiments, the flow of aqueous foam exits the first foam passageway
of the first port insert for injection into the flow of aqueous cementitious slurry
passing through the slurry passageway at a first pressure, and the flow of aqueous
foam exits the second foam passageway of the second port insert for injection into
the flow of agueous cementitious slurry passing through the slurry passageway at a
second pressure. The first pressure is different than the second pressure.

[00164] In embodiments, the foam injection body defines at least two port
passageways. Each port passageway has a port opening in fluid communication
with the slurry passageway. In such embodiments, a corresponding number of first
port inserts are removably mounted to the foam injection body such that the first
foam passageway of each of the first port inserts is in fluid communication with the
slurry passageway via the port opening of a respective one of the port passageways.
A flow of aqueous can be conveyed to each of the first port inserts removably
mounted to the foam injection body. The flow of aqueous foam in each of the first
port inserts is injected into a flow of aqueous cementitious slurry passing through the
slurry passageway to form a flow of foamed cementitious slurry.

[00165] The first foam port inserts can be disengaged from the foam injection
body. A number of second port inserts corresponding to the number of port
passageways can be removably mounted to the foam injection body. Each of the
second port inserts defines a second foam passageway having a second orifice with
a second orifice size. The second port inserts are removably mounted to the foam
injection body such that the second foam passageway of each of the second port
inserts is in fluid communication with the slurry passageway via the port opening of a
respective one of the port passageways. The second orifice size being different than
the first orifice size;

[00166] A flow of aqueous foam is conveyed to the second foam passageway of
each of the second port inserts removably mounted to the foam injection body. The
flow of aqueous foam in the second foam passageway of each of the second port
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inserts is injected into a flow of aqueous cementitious slurry passing through the
slurry passageway to form a flow of foamed cementitious slurry.

[00167] All references 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 in its entirety herein.

[00168] The use of the terms “a” and “an” and “the” and similar referents in the
context of describing the invention (especially in the context of the following claims)
are to be construed to cover both the singular and the plural, unless otherwise

indicated herein or clearly contradicted by context. The terms “comprising,” “having,”
“including,” and “containing” are to be construed as open-ended terms (i.e., meaning
“including, but not limited to,”) unless otherwise noted. Recitation of ranges of
values herein are merely intended to serve as a shorthand method of referring
individually to each separate value falling within the range, unless otherwise
indicated herein, and each separate value is incorporated into the specification as if
it were individually recited herein. All methods described herein can be performed in
any suitable order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or exemplary language
(e.g., “such as”) provided herein, is intended merely to better illuminate the invention
and does not pose a limitation on the scope of the invention unless otherwise
claimed. No language in the specification should be construed as indicating any
non-claimed element as essential to the practice of the invention.

[00169] Preferred embodiments of this invention are described herein, including
the best mode known to the inventors for carrying out the invention. Variations of
those preferred embodiments may become apparent to those of ordinary skill in the
art upon reading the foregoing description. The inventors expect skilled artisans to
employ such variations as appropriate, and the inventors intend for the invention to
be practiced otherwise than as specifically described herein. Accordingly, this
invention includes all modifications and equivalents of the subject matter recited in
the claims appended hereto as permitted by applicable law. Moreover, any
combination of the above-described elements in all possible variations thereof is
encompassed by the invention unless otherwise indicated herein or otherwise clearly
contradicted by context.
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What is claimed is:

1. A foam injection system (301, 701) for a cementitious slurry mixing and
dispensing assembly (700), the foam injection system (301, 701) comprising:

a foam injection body (305, 605), the foam injection body (305, 605)
defining a slurry passageway (310, 610) and a port passageway (315, 615),
the port passageway (315, 615) having a port opening (317, 617) in fluid
communication with the slurry passageway (310, 610);

a first port insert (100, 400), the first port insert (100, 400) defining a
first foam passageway (115, 415) having a first orifice (140, 440) with a first
orifice size (1, @4), the first port insert (100, 400) adapted to removably
mount to the foam injection body (305, 605) such that the first foam
passageway (115, 415) is in fluid communication with the slurry passageway
(310, 610) via the port opening (317, 617) of the port passageway (315, 615);
and

a second port insert (200, 500), the second port insert (200, 500)
defining a second foam passageway (215, 515) having a second orifice (240,
540) with a second orifice size (s, D4, Js), the second port insert (200, 500)
adapted to removably mount to the foam injection body (305, 605) such that
the second foam passageway (215, 515) is in fluid communication with the
slurry passageway (310, 610) via the port opening (317, 617) of the port
passageway (315, 615), and the second orifice size (D3, D4, J5) being
different than the first orifice size (&1, @a).

2. The foam injection system (301, 701) according to claim 1, wherein the
foam injection body (305, 605) defines at least two port passageways (315, 615),
each port passageway (315, 615) having a port opening (317, 617) in fluid
communication with the slurry passageway (310, 610), and further comprising a
number of first and second port inserts (100, 400; 200, 500) each corresponding to
the number of port passageways (315, 615) in the foam injection body (305, 605).
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3. The foam injection system (301, 701) according to claim 1 or claim 2,
wherein the foam injection body (305, 605) comprises a foam ring (305, 605) having
an outer circumferential surface (345) and an inner circumferential surface (347,
645) in spaced radial relationship to the outer circumferential surface (345), each
port passageway (315, 615) extending radially between the outer circumferential
surface (345) and the inner circumferential surface (347, 645), and the inner

circumferential surface (347, 645) defining the slurry passageway (310, 610).

4. The foam injection system (301, 701) according to any one of claims 1
to 3, wherein the first port insert (100, 400) includes a port insert body (105, 405)
having a foam supply end (110, 410) and a mounting end (112, 412), the foam
supply end (110, 410) adapted for retentive engagement with a foam supply conduit
(755) and defining a foam inlet opening (120, 420), and the mounting end (112, 412)
defining a foam outlet opening (122, 422), the first foam passageway (115, 415)
extending between and in fluid communication with the foam inlet opening (120, 420)
and the foam outlet opening (122, 422).

5. The foam injection system (301, 701) according to claim 4, wherein the
foam inlet opening (120, 420) is larger than the first orifice (140, 440) and the first
foam passageway (115, 415) includes a tapered entry portion (142) and a main
portion (144), the tapered entry portion (142) including the foam inlet opening (120,
420) and an entry outlet opening (146) in fluid communication with the main portion
(144), the entry outlet opening (146) being smaller than the foam inlet opening (120,
420) and corresponding to the first orifice size (1, @4) such that the tapered entry
portion (142) narrows from the foam inlet opening (120, 420) to the entry outlet
opening (146), the main portion (144) including the foam outlet opening (122, 422)
and having a cross-sectional size corresponding to the first orifice size (J1, B4).
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6. The foam injection system (301, 701) according to claim 4 or claim 5,
wherein the port insert body (405) extends along a longitudinal axis (LA) between the
foam supply end (410) and the mounting end (412), the first port insert (400)
includes a mounting flange (407) extending radially outwardly from the port insert
body (405), the mounting flange (407) defining a mounting hole (408) configured to
receive a fastener (409) therethrough, and wherein the foam injection body (605)
defines a mating mounting hole (648) therein configured such that the mounting hole
(408) of the mounting flange (407) is alignable with the mating mounting hole (648)
of the foam injection body (605) when the mounting end (412) of the first port insert
(400) is aligned with the port passageway (615) and the mounting flange (407) is
adjacent the foam injection body (305, 605).

7. The foam injection system (301, 701) according to claim 6, wherein the
first port insert (400) includes a rib (438) projecting from the port insert body (405)
and extending along the longitudinal axis (LA), and wherein the foam injection body
(605) defines a keyway (622) configured to retentively receive the rib (438) therein
such that the first port insert (400) is substantially constrained from rotating about the
longitudinal axis (LA) relative to the foam injection body (605) by the
interengagement of the rib (438) and the keyway (622).

8. The foam injection system (301, 701) according to any one of claims 1
to 7, wherein the mounting end (412) of the first port insert (400) has a distal end
face (435) with a concave portion (436) having a radius of curvature (R1), and the
foam injection body (605) has an inner curved surface (625) defining the slurry
passageway (610), the inner curved surface (625) having a concave portion (618)
adjacent the port passageway (615) with a radius of curvature substantially the same
as the concave portion (436) of the distal end face (435) of the first port insert (400),
the first port insert (400) adapted to removably mount to the foam injection body (
605) such that the mounting end (412) of the first port insert (400) is disposed within
the port passageway (615) and the concave portion (436) of the distal end face (435)
of the first port insert (400) is substantially concentrically disposed with respect to the
concave portion (618) of the foam injection body (605).



WO 2015/108851 PCT/US2015/011154 -
46

9. The foam injection system (301, 701) according to any one of claims 1
to 8, wherein the first port insert (100, 400) defines a pressure sensor passageway
(150, 450) in fluid communication with the first foam passageway (115, 415).

10. A cementitious slurry mixing and dispensing assembly (700)
comprising:

a mixer (705) adapted to agitate water and a cementitious material to
form an aqueous cementitious slurry;

a slurry discharge conduit (710) in fluid communication with the mixer
(705);

a foam injection system (301, 701) according to any one of claims 1 to
9, the foam injection system (301, 701) arranged with at least one of the mixer
(705) and the slurry discharge conduit (710).

11.  The cementitious slurry mixing and dispensing assembly (700)
according to claim 10, wherein the foam injection body (305, 605) comprises a part
of the slurry discharge conduit (710).

12.  The cementitious slurry mixing and dispensing assembly (700)
according to claim 10 or claim 11, further comprising:

a flow-modifying element (730) associated with the discharge conduit
(710) and adapted to modify a flow of cementitious slurry from the mixer (705)
through the discharge conduit (710), the flow-modifying element (730) being
disposed downstream of the foam injection body (305, 605) relative to a flow
direction of the flow of cementitious slurry from the mixer (705) through the
discharge conduit (710).
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13. A method of preparing a cementitious product comprising:
discharging a flow of aqueous cementitious slurry from a mixer (705);
passing the main flow of aqueous cementitious slurry through a slurry

passage (310, 610) of a foam injection body (305, 605) of a foam injection

system (301, 701) according to any one of claims 1 to 9;
conveying a flow of aqueous foam to a first foam passageway (115,

415) of a first port insert (100, 400) removably mounted to the foam injection

body (305, 605), the first port insert (100, 400) removably mounted to the

foam injection body (305, 605) such that the first foam passageway (115, 415)

is in fluid communication with the slurry passageway (310, 610) via the port

opening (317, 617) of the port passageway (315, 615); and
injecting the flow of aqueous foam in the first foam passageway (115,

415) of the first port insert (100, 400) under a first flow condition into the flow

of agueous cementitious slurry passing through the slurry passageway (310,

610) to form a flow of foamed cementitious slurry.

14.  The method according to claim 13, further comprising:
measuring the pressure of the flow of aqueous foam in the first foam
passageway (115, 415) of the first port insert (100, 400).
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15.  The method according to claim 13 or claim 14, further comprising:

disengaging the first foam port insert (100, 400) from the foam injection
body (305, 605);

removably mounting a second port insert (200, 500) to the foam
injection body (305, 605), the second port insert (200, 500) defining a second
foam passageway (215, 515), the second port insert (200, 500) removably
mounted to the foam injection body (305, 605) such that the second foam
passageway (215, 515) is in fluid communication with the slurry passageway
(310, 610) via the port opening (317, 617) of the port passageway (315, 615),
and the second foam passageway (215, 515) being different than the first
foam passageway (115, 4195);

conveying a flow of aqueous foam to the second foam passageway
(215, 515) of the second port insert (200, 500) removably mounted to the
foam injection body (305, 605);

injecting the flow of aqueous foam in the second foam passageway
(215, 515) of the second port insert (200, 500) under a second flow condition
into a flow of aqueous cementitious slurry passing through the slurry
passageway (310, 610) to form a flow of foamed cementitious slurry, the

second flow condition being different than the first flow condition.
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