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(57) Abstract: A method of minimizing material mixing in a piping system during a transition between a first material and a second
material includes providing a plurality of pipe pigs in a first pipe section with the plurality of pipe pigs being sufficient to substantially
fill a cross-section of the first pipe section and to define a plug having a leading edge and a trailing edge such that the leading edge
is in contact with a first material and the trailing edge is in contact with a second material. Each pipe pig has a nominal size that is
smaller than an effective diameter of the first pipe section. The plug is moved through the piping system by moving the second material.
Advantageously, mixing of the first material and the second material is inhibited by the plug.
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METHOD FOR MINIMIZING MATERIAL MIXING DURING
TRANSITIONS IN A MATERIAL PROCESSING SYSTEM
[0001] The present disclosure relates to processes and systems for minimizing

material mixing during transitions in material processing systems.
BACKGROUND

[0002] In material processing systems such as in food processing systems, there
is a desire to improve processing yields and to decrease the time required to
transition from a material currently being processed to a different material to be
processed. These desires are particularly important when the material processing
system is subject to frequent production changes. Further, there is a desire to
minimize the environmental impact of waste streams related to blending of the

materials during transitions.

[0003] Food manufacturers are being driven to improve processing yields through
increasing pressure on costs and profitability, while addressing smaller batch sizes

dictated by increased consumer variety with more frequent production changes.

[0004] Having advanced from artisan production methods, many types of food
production now employ a high degree of automation, and so production of foods
such as desserts, ready meals, condiments, dairy and juice products, and many
others involve passing both ingredients and the finished product along a network of
pipes during manufacturing before they reach the packing stations. Depending on
the physical layout of the manufacturing site the routing of some of this pipework can

be quite long, with several hundreds of meters not uncommon.

[0005] Further, in many situations, the piping system may include bends in the
system, changes in the effective diameter of fluidly connected pipes, and the
presence of equipment having multiple tubes or flow passages, such as heat
exchangers or similar types of apparatuses.

[0006] At the end of a production batch, when the material processing system has
to switch to another product or at the end of a production run prior to cleaning, the
system will typically contain the material that was being processed, which typically
holds a tangible financial value and an unwelcome cleaning (clean-in-place, CIP)

challenge.
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[0007] Recovering that material in most instances may be an economic or
environmental desire. The unit cost of ingredients may be small; but if there are a
thousand liters potentially lost in the system, and perhaps four or more product
changes every day, the value of product to be recovered starts to appear as a
significant cost. For a marginal product even a small cost saving and increase in

yield has the potential to make a substantial impact on profitability.

[0008] Accordingly, there is a need for a method that can reduce the time
between transitions of a first material and a second material as well as for a method
that minimizes or inhibits the mixing of the first material and the second material
during transitions, which will have an impact on the amount of the first and second

material lost to waste.
SUMMARY

[0009] According to one aspect of the disclosure, a method is provided to inhibit
or minimize mixing of materials in a piping system during a transition between a first
material and a second material. The piping system can be used for processing
material or it may be used as a portion or subsystem of a plant or system for

processing material.

[0010] In one aspect, the piping system is used for processing food material. The
food material may be solid, semi-solid, or liquid. In one embodiment, the piping
system is used to process juice such as orange juice, grapefruit juice, lemon juice,

apple juice and the like.

[0011]  Material transitions may occur because of the need for periodic cleaning,
because the system is required to process a different material than that currently
being processed, or because of some other reason. In any event, the piping system
may contain a first material and it is desired to remove the first material from the
piping system and replace it with a second material. One of skill will appreciate that
an exemplary transition would occur when the system is processing a first material
and the piping system needs to be cleaned. In this instance, the second material
may include a cleaning fluid. To minimize the amount of the first material that is sent
to waste, it would be desirable to minimize the amount of mixing between the first

material and the second material, e.g., the cleaning fluid. At the same time, it would
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be desirable to provide a cleaning fluid at the greatest concentration practical without
being diluted by the first material.

[0012] As noted above, the first material may be a solid, semi-solid, fluid (gas or
liquid), slurry, powder, or any substance that can be conveyed. In addition, the
second material may be a solid, semi-solid, fluid (gas or liquid), slurry, powder, or
any substance that can be conveyed. In certain embodiments, the first material and

the second material are the same type, e.g., both are liquids.

[0013] The piping system may have a number of connected pipes that may or
may not include bends or other transitions from one end of the piping system to the
other end. An example of a transition would be from a smaller diameter pipe to a
larger diameter pipe and vice versa.

[0014] The piping system may include a first pipe with a first effective diameter
and a second pipe fluidly connected with the first pipe and having a second effective
diameter that may be the same as or different than the effective diameter of the first
pipe.

[0015] As used in this application, the term “pipe” refers to a structure that is
configured to convey substances that can flow—fluids (liquids and gases), slurries,
powders or other substances that are sought to be conveyed. Also, the term “pipe”
as used in this application includes open structures such as a trough as well as
closed structures such as a cylindrical tube. However, the term “pipe” refers to a
structure having any shape suitable to convey substances that can flow.

[0016] As used in this application, “in fluid connection” or “fluidly connected”
refers to pipes that are connected in a manner such that if a fluid was present in the
pipes, the fluid is able to move through the pipes. One of skill will appreciate that if
the material is a solid and it is moved through fluidly connected pipes, the solid
would traverse the pipes forming the piping system.

[0017] The term “effective diameter” refers to a measure such that the area of a
non-circular cross section pipe would be approximately the same as the area of a
circular cross section pipe. One of skill will appreciate that the “effective diameter” is
typically applicable in those instances where the pipe has a non-circular cross
section. Further, one of skill will appreciate that, if the pipe has a circular cross
section, the “effective diameter” is equal to the diameter of the pipe.
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[0018] The piping system may also include portions that contain a plurality of flow
passages. In some instances, those portions may be fluidly connected to an inlet
manifold that is in fluid communication with a plurality of flow passages that
terminate at an outlet manifold having a single outlet fluidly connected to other
portions of the piping system. An example of such, would be a heat exchanger,
pasteurizer, or membrane filtration system. The heat exchanger or pasteurizer may
be a single pass, double pass, or multiple pass and may also be a straight-through
design or a U-tube design, or some other type of design, such as plate and frame
heat exchanger. One of skill would appreciate that one or more heat exchangers,
pasteurizers, membrane filtration systems, or other pieces of processing equipment

may be provided in the piping system.

[0019] As used in this application, the term “flow passage” or flow passages”
refers to an arrangement of a plurality of structures that are configured to convey
substances that can flow—fluids (liquids and gases), slurries, powders or other
substances that are sought to be conveyed. Non-limiting examples of flow passages
would be the tubes present in a shell and tube type exchanger, where a flow
passage would be an individual tube of the shell and tube exchanger.

[0020] In one aspect, the first pipe includes a plurality of flow passages. In other
aspect, the second pipe includes a plurality of flow passages. In yet another aspect,
both the first pipe and the second pipe include a plurality of flow passages. Typically,
each flow passage has substantially the same effective diameter. The effective
diameter of each flow passage may be smaller than, substantially the same as, or
larger than the first effective diameter and/or the second effective diameter. In one
embodiment, the effective diameter of each flow passage is smaller than the first
effective diameter and the second effective diameter.

[0021] The method includes providing a plurality of pipe pigs in the first pipe. In
one embodiment, each pipe pig has a nominal size that is smaller than the first
effective diameter. The pipe plugs may have any suitable shape consistent with the
shape of the pipes in the piping system. In one embodiment, the pipe pigs are
generally spherical. The pipe pigs may have a nominal size (i.e., with a diameter)
that is smaller than the effective diameter of the flow passages, substantially the
same size as the effective diameter of the flow passages, or slightly larger than the
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effective diameter of the flow passages. Advantageously, the pipe pigs are
configured such that at least one pipe pig passes through each flow passage.

[0022] In some embodiments, the pipe pigs may be compressible so that as the
pipe pigs pass through the flow passages, the pipe pigs will be slightly compressed.
In other embodiments, the pipe pigs are fluid impermeable or fluid permeable. In still
other embodiments, each pipe pig is neutrally buoyant in the first material, the
second material or both materials. Neutrally buoyant refers to a condition in which
the average density of the pipe pig is substantially equal to the density of the fluid in
which the pipe pig is immersed.

[0023] The plurality of pipe pigs provided will be sufficient to substantially fill a
cross-section of the first effective diameter of the first pipe and/or a cross-section of
the second pipe so that a plug is defined. The plug has a leading edge and a trailing
edge. The leading edge is in contact with the first material and the trailing edge is in
contact with the second material. After the plug is defined, the plug is moved through
the piping system by providing the second material in contact with the trailing edge of
the plug. The second material is moved through the first pipe and any subsequent or
downstream piping and/or manifolds, e.g., the second pipe, to push or move the pipe
pigs through the piping system.

[0024] In one embodiment, the plug is defined and configured such that mixing
between the first material and the second material is inhibited or minimized. The
inhibition of mixing is such that the amount of the first material present at the trailing
edge of the plug is about 10% or less by volume. In some embodiments, the
inhibition of mixing is such that the amount of the second material present at the
leading edge of the plug is about 10% or less by volume. In other embodiments, the
inhibition of mixing is such that the amount of the first material present at the trailing
edge of the plug is about 10% or less by volume and the amount of the second

material present at the leading edge of the plug is about 10% or less by volume.

[0025] One of skill may appreciate that the described system and method may be
effective to clean the interior walls of the piping system and any associated flow
passages while minimizing the mixing between the first material and the second

material.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0026] The following description accompanies the drawings, all given by way of
non-limiting examples that may be useful to understand how the described process
and system may be embodied.

[0027] Fig. 1 is a top plan view of an exemplary piping system that is part of a
material processing system and for which the method of this disclosure can be
practiced.

[0028] Fig. 2 is a schematic drawing showing a portion of a first pipe with a
plurality of pipe pigs sufficient to define a plug.

[0029] Fig. 3 is a schematic drawing showing a portion of the first pipe that
includes a plurality of flow passages.

[0030] Fig. 4 is a cross sectional view of one embodiment of a pipe pig having an
embedded locating device.

[0031] Fig. 5is a schematic drawing showing a portion of a second pipe with a
plurality of pipe pigs sufficient to define a plug.

[0032] Fig. 6 is a schematic drawing showing a portion of the second pipe that
includes a plurality of flow passages.

[0033] Fig. 7 is a schematic drawing showing a portion of the first pipe that
includes a plurality of flow passages, the outlets of which are in fluid communication

with a second pipe.

DESCRIPTION

[0034] The disclosure provides different embodiments of a material processing
piping system that can be used for material processing and/or that forms part of a
system used for material processing. The elements or portions of the piping system
are referred to as pipes, tubes, tube sections, or ducts in this description. The interior
surface is referred to as a pipe wall or tube wall. The piping system may be used for
a wide variety of materials including but not limited to solids, semi-solids, and liquids
such as but not limited to food and non-food-related products such as edible and
non-edible food products including meats, pastes, sauces, cereals, vegetables,
fruits, dairy, cosmetics, pharmaceuticals and the like.

[0035] Generally, the material processing system may be used to process one or
more differing types of products and therefore, the material processing system
typically needs to be cleaned or flushed before a new material can be processed.
The disclosed method advantageously accomplishes the transition between the
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material being processed and another material such as a cleaning material or
another material to be processed while inhibiting the mixing between the materials.
As a result, material and cost savings are realized.

[0036] Referring to Fig. 1, an exemplary schematic piping system 10 that can be
used for material processing and/or forms part of a system used for material
processing is shown. The piping system 10 can be part of a food or beverage
processing facility, a pharmaceutical plant, a chemical plant, or any known type of
material processing plant. The piping system 10 is typically used within these
facilities to convey product from one location to another. The piping system 10
includes a plurality of individual tube sections or pipes connected together to form a
continuous conduit or piping system 10. For example, the piping system may include
a plurality of first pipes or tube sections 20 and a plurality of second pipes or tube
sections 30 with each of the first pipe sections 20 fluidly connected to each other,
with first pipe sections 20 fluidly connected to second pipe sections 30, and with
second pipe sections 30 being fluidly connected to each other. One of skill will
appreciate that there may be other pipe sections fluidly connected to the second pipe
sections 30 (and connected to each other).

[0037] The connections or methods of joining individual tube sections or pipes
may include external compression clamps, compression couplings, sanitary flanges,
or welded joints as well as other methods of joining tube sections. The arrangement
of tube sections or pipes 20, 30 shown in Fig. 1 is exemplary and not limiting. The
system and method of this disclosure may be used with a wide variety of system
configurations including those that only include straight tube sections as well as
those that include rises, falls, and turns. In addition, the system and method may be
used with different turn radii, different numbers and different configurations of
corners, different tubing materials, and different tube lengths.

[0038] Generally and in one embodiment, the piping system 10 is made with
pipes or tube sections 20, 30 that are cylindrical; however, it is contemplated that the
method can be used in piping systems where the pipes or tube sections 20, 30 are
not cylindrical but have a shape other than cylindrical. In these instances, the pipes
or tube sections 20, 30 may be considered to have an “effective diameter”.

[0039] The term “effective diameter” refers to a measure such that the area of a
non-circular cross section pipe would be approximately the same as the area of a
circular cross section pipe. One of skill will appreciate that the “effective diameter” is
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typically applicable in those instances where the pipe has a non-circular cross
section. Further, one of skill will appreciate that, if the pipe has a circular cross

section, the “effective diameter” is equal to the diameter of the pipe.

[0040] The system and method may be used with pipes or tube sections having
the same or different effective diameters. For example, the piping system may
include a first pipe or tube section 20 having a first effective diameter 22 fluidly
connected with second pipe or tube section 30 having a second effective diameter
32. In this instance, the second effective diameter 32 may be smaller than,
substantially the same as, the same as, or greater than the first effective diameter
22.

[0041] In some embodiments, the first pipe 20 and/or the second pipe 30 include
a plurality of flow passages 42. Figure 3 shows an example where the first pipe 20
includes a plurality of flow passages 42. Figure 6 shows an example where the
second pipe 30 includes a plurality of flow passages 42 and figure 7 shows an
example where the first pipe 20 is fluidly connected to the inlet side of the plurality of
flow passages 42 and the outlet side of the plurality of flow passages 42 are fluidly
connected to the second pipe 30. Typically, the flow passages 42 (the tubes in the
heat exchanger or pasteurizer) have an effective diameter 44 that is smaller than the
first effective diameter 22 and/or the second effective diameter 32.

[0042] In some instances, the first pipe 20 is connected to an inlet manifold 40
that has a plurality of flow passages 42 terminating in an outlet manifold 44 fluidly
connected to either another first pipe 20 or a second pipe 30. In other instances, the
second pipe 20 is connected to an inlet manifold 40 that has a plurality of flow
passages 42 terminating in an outlet manifold 44 fluidly connected to a second pipe
30. An example of such an inlet manifold 40 is the inlet to a multi-tube heat
exchanger or pasteurizer. The heat exchanger or pasteurizer may be a straight
through type, a U-tube type, or any other suitable type of heat exchanger or
pasteurizer. Typically, the flow passages 42 (the tubes in the heat exchanger or
pasteurizer) have an effective diameter 44 that is smaller than the first effective
diameter 22 and/or the second effective diameter 32.

[0043] Itis also contemplated that the flow passages 42 may be part of a

membrane filtration system such as a ceramic membrane filtration system.
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[0044] The piping system 10 has as least one inlet 90 where the pipe pigs 70
(described below) can be introduced into the system 10 and at least one outlet 92
where the pipe pigs 70 can be recovered. These locations can vary and can be at a
vertical tube section, a horizontal section, or an angled tube section.

[0045] In addition, the inlet 90 may be used to introduce the second material 60
and any other subsequent material.

[0046] Turning now to Fig. 2, a section of the piping system 10 is schematically
shown. This section is typical of the first pipe 20 and the section contains a plurality
of pipe pigs 70. Figure 5 shows another section of the piping section that is typical of
the second pipe 30 and the section contains a plurality of pipe pigs 70.

[0047] The number of pipe pigs 70 will be sufficient to fill or substantially fill the
cross section of the pipe (e.qg., the cross section 24 of the first pipe 20 or the cross
section 34 of the second pipe 30) to define a plug 80. The number of pipe pigs 70
provided will also be sufficient to extend an axial length to define a plug 80 having a
leading edge 82 and a trailing edge 84. The leading edge 82 will be in contact with
the first material 50 and the trailing edge 84 will be in contact with the second
material 60. It will be appreciated that the leading edge 82 and the trailing edge 84
are not discrete defined boundaries; but rather as depicted in Figs. 2, 3, and 5 can
be considered to be the respective portions of the plug 80 where a column of pigs 70
extend from one side of the interior wall of the first pipe 20 or second pipe 30 to an
opposite side of the interior wall of the respective first pipe 20 or second pipe 30.
[0048] The defined plug 80 will have an axial length sufficient to inhibit mixing of
the first material 50 and the second material 60. The axial length will be such that the
amount of the first material 50 present in the second material 60 at the trailing edge
84 is about 10% or less by volume. The axial length will be such that the amount of
the second material 60 present in the first material 50 at the leading edge 82 is about
10% or less by volume. In some embodiments, the axial length is such that an
amount of the first material 50 present in the second material 60 at the trailing edge
84 is about 10% or less by volume and such that an amount of the second material
60 present in the first material 50 at the leading edge 82 is about 10% or less by
volume.

[0049] The pipe pigs 70 may have any suitable shape although it is contemplated
that the pipe pigs 70 will be generally spherical so that when they agglomerate they
will efficiently pack to form a plug 80 that will be effective to inhibit mixing of the first
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material 50 and the second material 60. Alternative shapes may include columnar
shapes, bullet shape, and a shell-like shape, although as noted above, the pigs may
have any particular shape so long as they can traverse the first pipe 20, the second
pipe 30 and the flow passages 42..

[0050] The pipe pigs 70 will have a size that is less than the effective diameter of
the first pipe 20 or the second pipe 30. In other words, if the pipe pigs 70 are
spherical, they will have a diameter that is less than the effective diameter of the first
pipe 20 or the second pipe 30. In addition, the pipe pigs 70 may have a size that is
substantially the same as or slightly larger than the effective diameter of the flow
passages 42 (i.e., substantially the same as or slightly larger than the effective
diameter of the tubes of the heat exchanger or pasteurizer).

[0051] In some embodiments, the pipe pigs 70 are compressible so that they are
slightly compressed when travelling through the flow passages 42. In other
embodiments, the pipe pigs 70 are incompressible. The pipe pigs 70 may have an
elastic body that may be formed of elastically deformable materials such as rubber or
rubber type polymers and the like or a flexible foam material such as polyurethane
(food grade or otherwise). The pipe pigs 70 in some embodiments may be coated
with an inert material such as silicone, silicone-rubber, or other similar type of
material.

[0052] Itis also contemplated that the pipe pigs 70 have a size that is smaller or
slightly smaller than the effective diameter of the flow passages 42 (i.e., smaller or
slightly smaller than the effective diameter of the tubes of the heat exchanger or
pasteurizer).

[0053] The pipe pigs 70 may be fluid impermeable or fluid permeable and, in use,
the pipe pigs 70 may be all fluid impermeable, all fluid permeable, or some
combination of each. The pipe pigs 70 may be hydrophobic or hydrophilic and, in
use, the pipe pigs 70 may be all hydrophobic, all hydrophilic, or some combination of
each.

[0054] In some embodiments, the pipe pigs 70 may be provided with a locating
device 72, as illustrated in Fig. 4, so that the pipe pigs 70 can be tracked as they
traverse the piping system 10. In this way the risk of inadvertent loss of pipe pigs 70
within the system can be alleviated, if necessary or desired. The locating device 72
may include a magnet, an RFID tag, or some other suitable locating device that can
provide a means for locating the pipe pig 70 within the piping system 10.

10
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[0055] In some embodiments, some or all the pipe pigs 70 may be made of a
material such that the pipe pigs 70 are neutrally buoyant in the material in which the
pipe pig 70 is immersed. For example, the pipe pigs 70 may be neutrally buoyant in
either or both of the first material 50 or the second material 60. Neutrally buoyant
refers to a condition in which the average density of the pipe pig 70 is substantially
equal to the density of the fluid material in which the pipe pig 70 is immersed.

[0056] In some embodiments, the pipe pigs 70 may exhibit magnetic properties
and, in this instance, the pipe pigs 70 may be made of a magnetic material or may
be formed, at least partially, of a magnetic material. For example, the pipe pigs 70
may include a core of a magnetic material surrounded by a shell of a non-magnetic
material that may be compressible or incompressible, fluid permeable or fluid
impermeable. Alternatively, the pipe pigs 70 may be formed such that magnetic
material particles are embedded within the structure of the pipe pigs 70 such that the

pipe pigs, as a whole, exhibit magnetic properties.

[0057] Where the pipe pigs 70 exhibit magnetic properties, it is envisioned that
the pipe pigs 70 will be attracted to each other to form the plug 80 or to re-form as a
plug 80 after the pipe pigs 70 traverse the flow passages 70.

[0058] Turning back to FIG. 1, a first plurality of pipe pigs 70 are introduced or
provided into the piping system in an amount sufficient to substantially fill a cross
section 24 of the first pipe 20 and to define a plug 80 having a leading edge 82 and a
trailing edge 84 as depicted in Fig. 2.

[0059] Atfter the plurality of pipe pigs 70 are introduced or provided and a plug 80
is defined, the second material 60 is provided so that it is in contact with the trailing
edge 84 of the plug 80. The second material 60 is moved to cause the plug 80 to
move through the piping system 10. Because the second material 60 is pushing the
plug 80 through the piping system 10, the plug 80 is able to move the first material
50 through the piping system 10 so that the piping system 10 no longer contains the
first material 50.

[0060] Where the second material 60 is a fluid such as a liquid, the fluid may be
provided so that it is moved at a velocity to inhibit settling of each pipe pig 70. In
some instances, the fluid is moved at a velocity that exceeds a critical deposition
velocity of the pipe pig 70. As a result, the tendency of the pipe pigs 70 to settle to

11
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the bottom of the pipe while being moved will be reduced. Accordingly, the formation
of the plug 80 is maintained as the plug 80 is moved through the piping system 10.
[0061] When the plug 80 encounters a change in the size of the pipe or a change
in direction of the pipe, the plug 80 is able to traverse such changes because the
plug 80 is formed from a plurality of pipe pigs 70, each having a size that is
substantially the same as or smaller than the effective diameter of the pipe or flow
passage they are traversing (or when each pipe pig is larger than the effective
diameter of the pipe or flow passage they are traversing, the pipe pig will be
compressible so that it can traverse the pipe and/or flow passage). Advantageously,
when the plug 80 encounters a heat exchanger, pasteurizer, or other piece of
processing equipment, and, in particular, flow passages 42 or tube sections of such
processing equipment, one or more plugs 70 enter each flow passage 42 or tube
section to move the first material 50 out of each flow passage 42 or tube section to
be replaced by the second material 60.

[0062] For example and referring particularly to Fig. 3, a portion of the piping
system 10 is depicted. In this portion, a plug 80 is located in a first pipe section 20
and the first pipe section 20 includes a plurality of flow passages 42. In one
embodiment, the first pipe section 20 is shown fluidly connected to an inlet manifold
40 that is in fluid communication with a plurality of flow passages 42 that terminate at
an outlet manifold 46 that is in fluid communication with a first pipe 20.

[0063] Referring to Fig. 6, one of skill will appreciate that the second pipe section
30 includes a plurality of flow passages 42. In one embodiment, the second pipe
section 30 is shown fluidly connected to an inlet manifold 40 that is in fluid
communication with a plurality of flow passages 42 that terminate at an outlet
manifold 46 that is in fluid communication with a second pipe 30.

[0064] Referring to Fig. 7, one of skill will appreciate that the first pipe section 20
includes a plurality of flow passages 42. In one embodiment, the first pipe section 30
is shown fluidly connected to an inlet manifold 40 that is in fluid communication with
a plurality of flow passages 42 that terminate at an outlet manifold 46 that is in fluid
communication with a second pipe 30.

[0065] As the plug 80 moves from the first pipe 20 toward the second pipe 30
(referring particularly to Fig. 7) and encounters the inlet manifold 40, the plug 80 will
disperse into individual pipe pigs 70 such that at least one pipe pig 70 traverses or
passes through each flow passage 42. Thereafter, the pipe pigs 70 will coalesce or

12
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agglomerate near the outlet manifold 46 so that the plug 80 will re-form. One of skill
will appreciate that the same phenomenon will occur with the arrangement shown in
Figs. 3 and 6.

[0066] Without being bound by any particular theory, as the plug 80 approaches
the flow passages 42 and one or more pipe pigs 70 enter a particular flow passage
42, a dynamic back pressure is generated in those flow passages 42 that contain
one or more pipe pigs. This in turn will create an increase of flow in those flow
passages 42 where no pipe pigs 42 are present or where the number of pipe pigs42
in the flow passage 42 is less than others). As a result, there will be a greater
tendency for pipe pigs 42 to enter those flow passages that do not contain a pipe pig
42 (or where the number of pipe pigs42 in the flow passage 42 is less than others).
[0067] Where the pipe pigs 70 exhibit magnetic properties, when the pipe pigs 70
enter the flow passages 42, the pipe pigs 70 will experience a braking effect due to
increased eddy currents (Foucault currents), which will induce a dynamic back
pressure. This in turn will create an increase of flow in those flow passages 42 where
no pipe pigs 42 are present or where the number of pipe pigs42 in the flow passage
42 is less than others). As a result, there will be a greater tendency for pipe pigs 42
to enter those flow passages that do not contain a pipe pig 42 (or where the number
of pipe pigs42 in the flow passage 42 is less than others).

[0068] The re-formed plug 80 will have an axial length sufficient to inhibit mixing
of the first material 50 and the second material 60. The axial length will be such that
the amount of the first material 50 present in the second material 60 at the trailing
edge 84 is about 10% or less by volume. The axial length will be such that the
amount of the second material 60 present in the first material 50 at the leading edge
82 is about 10% or less by volume. In some embodiments, the axial length is such
that an amount of the first material 50 present in the second material 60 at the
trailing edge 84 is about 10% or less by volume and such that an amount of the
second material 60 present in the first material 50 at the leading edge 82 is about
10% or less by volume.

[0069] In some embodiments of the described method, it is contemplated to
provide a second plurality of pipe pigs 70 to form a second plug in the first pipe 20
subsequent to moving the first plug 80. The second plug will have a leading edge
and a trailing edge such that the leading edge is in contact with the second material
and the trailing edge is in contact with a third material. The third material may be the
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same as or different from the first material and the second material. The second plug
is configured such that the amount of the second material present at the trailing edge
of the second plug is about 10% or less by volume. In some embodiments, the
second plug is configured such that the amount of the third material present at the
leading edge of the second plug is about 10% or less by volume. In other
embodiments, the second plug is configured is such that the amount of the second
material present at the trailing edge of the second plug is about 10% or less by
volume and the amount of the third material present at the leading edge of the
second plug is about 10% or less by volume.

[0070] With the above in mind, the method may include providing a third, fourth,
etc. plurality of pipe pigs to respectively form a third, fourth, etc. plug in the first pipe
subsequent to providing a previous plug. Likewise, it is contemplated to provide a
third, fourth, etc. material to move the respective third, fourth, etc. plug. In this
regard, each material may be the same or different than the first, second, or any
previous material.

[0071] The first plug 80 and second plug (and each succeeding plug, when
present) may be axially separated by a distance that could be as long as the axial
distance of the piping system, but will typically be some fraction of that, such as
about 75%, about 50%, about 40%, about 30%, about 20%, about 10%, about 9%,
about 8%, about 7%, about 6%, about 5%, about 4%, about 3%, about 2%, or about
1%.

[0072] The first plug 80 and any subsequent plugs are moved through the piping
system 10 until they reach an outlet 92 of the piping system 10 where they are
collected.

[0073] While a method has been described that is effective in minimizing material
mixing, it is contemplated that the method will be effective to clean the interior walls
of the piping system and associated flow passages 42. In this regard, one of skill will
appreciate that because the plug 80 fills or substantially fills the entire cross-section
of the first pipe section 20 and the second pipe section 30 (when present), the
surfaces of one or more pipe pigs 70 will be in contact with the interior walls of the
first pipe section 20 and the second pipe section 30 (when present). As a result, as
the plug 80 is moved through the piping system 10, the interior walls of the first pipe
section 20 and the second pipe section 30 (when present) will be “scrubbed” by one
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or more pigs 70, to effectively clean the interior surfaces of the first pipe section 20
and the second pipe section 30 (when present).

[0074] Furthermore, because at least one pipe pig 70 will traverse each flow
passage 42, each flow passage 42 can be effectively cleaned.

[0075] While the concepts of the present disclosure are susceptible to various
modifications and alternative forms, specific exemplary embodiments of the
disclosure have been shown by way of example in the drawings. It should be
understood, however, that there is no intent to limit the concepts of the present
disclosure to the particular disclosed forms; the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as

defined by the claims.
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Claims:
1. A method of minimizing material mixing in a piping system during a transition
between a first material and a second material, the piping system including a first
pipe having a first effective diameter, the method comprising:

providing a plurality of pipe pigs in the first pipe, the plurality of pipe pigs being
sufficient to substantially fill a cross-section of the first pipe and to define a plug
having a leading edge and a trailing edge such that the leading edge is in contact
with the first material, wherein each pipe pig has a nominal size that is smaller than
the first effective diameter; and

moving the plug through the piping system by providing the second material in
contact with the trailing edge of the plug,

wherein mixing of the first material and the second material is inhibited by the

plug.

2. The method of claim 1 further comprising a second pipe having a second
effective diameter and being in fluid communication with the first pipe, wherein the
first effective diameter and the second effective diameter are substantially the same.

3. The method of claim 2 wherein the first effective diameter and the second
effective diameter are different.

4. The method of claim 2 wherein the second effective diameter is smaller than
the first effective diameter.

5. The method of claim 2 wherein the second effective diameter is larger than
the first effective diameter.

6. The method of claim 1 wherein the first pipe further includes a plurality of flow

passages and wherein at least one pipe pig passes through each flow passage.

7. The method of claim 2 wherein the first pipe, the second pipe, or both the first
and the second pipe further include a plurality of flow passages and wherein at least

one pipe pig passes through each flow passage.

8. The method of claim 6 wherein more than one pig passes through each flow

passage.
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9. The method of claim 6 wherein each flow passage has substantially the same
effective diameter.

10.  The method of claim 9 wherein the flow passage effective diameter is smaller
than the first effective diameter.

11.  The method of any of claims 1-10 wherein the nominal size of each pipe pig is
substantially the same as the effective diameter of each flow passage.

12.  The method of any of claims 1-10 wherein the nominal size of each pipe pig is
smaller than the effective diameter of each flow passage.

13.  The method of any of claims 1-10 wherein the nominal size of each pipe pig is
larger than the effective diameter of each flow passage.

14.  The method of any of claims 1-13 wherein each pipe pig is compressible.

15.  The method of any of claims 1-13 wherein each pipe pig is incompressible.
16. The method of any of claims 1-13 wherein each pipe pig is fluid impermeable.
17.  The method of any of claims 1-13 wherein each pipe pig is fluid permeable.
18.  The method of any of claims 1-17 wherein the first material is a liquid.

19.  The method of any of claims 1-17 wherein the second material is a liquid.

20. The method of any of claims 1-17 wherein the second material is a gas.

21.  The method of any of claims 1-20 wherein each pipe pig is neutrally buoyant

in at least one of the first material and the second material.

22.  The method of claim 1 wherein the providing of the second material includes
moving the second material at a velocity to inhibit settling of each pipe pig.

23. The method of claim 1 wherein the second material is water, a cleaning

solution, a disinfecting solution, or a material to be processed in the piping system.
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24. The method of claim 1 wherein the inhibition of the mixing is such that an
amount of the first material present in the second material at the trailing edge is

about 10% or less by volume.

25. The method of claim 1 or 24 wherein the inhibition of the mixing is such that
an amount of the second material present in the first material at the leading edge is
about 10% or less by volume.

26. The method of claim 1 further comprising, subsequent to moving the plug,
providing a second plurality of pipe pigs in the first pipe, the second plurality of pipe
pigs being sufficient to substantially fill a cross-section of the first effective diameter
and to define a second plug having a leading edge and a trailing edge such that the
leading edge is in contact with the second material; and moving the second plug
through the piping system by providing a third material in contact with the trailing
edge of the second plug.

27. In a material processing system, a method for inhibiting mixing between a first
material and a second material where the processing system has a piping system
that includes a first pipe with a first effective diameter, the method comprising:

providing a plurality of pipe pigs in the first pipe, the plurality of pipe pigs being
sufficient to substantially fill a cross-section of the first pipe and to define a plug with
a leading edge and a trailing edge such that the leading edge is in contact with the
first material and the trailing edge is in contact with the second material,;

wherein each pipe pig has a nominal size that is smaller than the first effective
diameter; and,

wherein mixing of the first material and the second material is inhibited by the
plug such that an amount of the first material present in the second material at the
trailing edge is about 10% or less by volume and such that an amount of the second
material present in the first material at the leading edge is about 10% or less by

volume.
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