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TITLE ASSEMBLY FOR SATURATING A MEDIUM WITH A FLUID

BACKGROUND OF THE INVENTION

The present invention is directed to an assembly for saturating or aerating a medium
with fluid. More particularly, the invention is directed to an assembly that selectively saturates
cross sections of the medium within or without a container. The invention is used to saturate
or coat any medium with fluid having or providing desired properties. As one example, the
assembly can be used to saturate grain within a bin with air. This air may be artificially
conditioned with heat, moisture, fumigants or any combination thereof. The natural air may
also be accepted to be sufficient as is.

Drying grain, aerating grain, or both is known in the art. Typically, grain is placed in a
pile or in a bin atop a perforated bed or floor through which air, but not grain, may pass. A
pressure gradient is created such that air is forced through the grain mass to push, pull, or both
(“push”) a drying front through the grain. This process is passive in that the system is static; it
does not react to changing conditions within the grain mass. Nor does it change the air flow
patterns within the system. The drying front is pushed through the entirety of the grain mass,
including the bottom tiers to the top tiers, even after these tiers, or cross sections, of the grain
mass have been conditioned.

As a result, the pressure gradient that needs to be overcome is large requiring large
amounts of energy to be put into the system. This energy typically comes in the form of
mechanical energy, which creates the pressure gradient; and thermal energy, which facilitates
the removal of moisture from grain. There also could be energy pertaining to air conditioned
with fumigants. Not only is grain quality suboptimal, but often some grain is left too wet and
others too dry. Accordingly, a need exists in the art for an assembly that addresses these
deficiencies.

An objective of the present invention is to provide a system that is adaptive to changing
conditions within a grain mass.

Another objective of the present invention is to provide a system that is more energy
efficient in conditioning a grain mass.

Another objective of the present invention is to provide a system that conditions a grain
mass in less time.

Another objective of the present invention is to provide a system that more evenly
conditions, preserves, or both, a grain mass.

These and other objectives will be apparent to those skilled in the art based on the

following written description, drawings, and claims.
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SUMMARY OF THE INVENTION

An assembly or system for saturating and/or aerating a medium with fluid includes at
least one hollow cylinder with an inlet port and an exhaust port embedded within a medium,
such as a grain mass. The cylinder has at least one vent associated with an opening in the
cylinder to selectively seal the opening to either prevent or allow fluid to flow from the cylinder,
through the opening, and into the grain mass.

The cylinder may also have one or more gates that selectively either allow or prevent
fluid from flowing from an inlet port through the cylinder, and out the exhaust port. Through
the combination of cylinders, vents, and gates, the system can dynamically create multiple flow
patterns to direct fluid to targeted areas or sections within the grain mass. The flow patterns
are horizontal, vertical, angular, transverse, two dimensional and three dimensional.

The system also includes a plurality of sensors that detect and transmit information
about conditions in the grain mass and operating parameters of the system. The detected
information is combined and compared with detected data from other systems in a centralized
database.

The sensed data is also used by a control system having a computer. The control
system processes the detected information and dynamically activates the vents and/or gates
to create desired flow patterns.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a side sectional perspective view of a saturating assembly;
Fig. 2 is a side sectional view of a saturating assembly;
Fig. 3 is a side sectional view of a vent;
Fig. 4 is a top plan perspective view of a gate;
Fig. 5 is a side sectional view of a vent assembly;
Fig. 6 is a side sectional view of a saturating assembly;
Fig. 7 is a side sectional view of a gate and a vent assembly;
Fig. 8 is a side sectional view of a fluid flow pattern;
Fig. 9 is a side sectional view of a fluid flow pattern;
Fig. 10 is a side sectional view of a fluid flow pattern;
Fig. 11 is a side sectional view of a fluid flow pattern; and
Fig. 12 is a side sectional view of a fluid flow pattern.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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Referring to the Figures, a system 10 for saturating a medium 11 with fluid includes at
least one elongated hollow cylinder 32. The medium 11 is of any type, and for the purpose of
explanation only, grain, such as corn to be dried, will be used as an example. The fluid is of
any type including, but not limited to, liquid or gas. Saturating includes, but is not limited to,
causing to process a desired property, impregnate or infuse and, in particular, referring to heat
and mass transport phenomena.

The cylinder 32, having an inlet or bottom port 13 and an exhaust or top port 15 is
embedded within a mass of grain 11. The grain mass 11 can be gathered in a pile that could
be covered with a tarp or within a container 12. The container 12 is of any size, shape and
structure including, but not limited to, a grain bin, a bulk bag, a hopper, a bucket, or the like.
In one example, the container 12 includes a bottom 14, a side wall 16, and a top 18. The top
18 is of any type such as a roof, a wall, a lid, or the like.

Attached to and/or in communication with the cylinder 32 is a fan 24, a humidifier 26,
and/or a heater 28, or other device that conditions the fluid to a desired quality. The cylinder
32 or cylinders have at least one, and preferably more, openings 34. The openings 34 are
positioned along the length of the cylinders 32 in spaced relation and in a preferred
embodiment have a screen 36 that covers the opening 34.

The container 12 may also have a divider 20 that separates the grain mass from the
lower plenum 22. Positioned adjacent the inlet port 18, and the exhaust port 15, as well as
within the grain mass 11, are a plurality of sensors. The sensors 30 detect information about
the status or characteristics of the grain mass 11, such as temperature or humidity and
operating parameters of the system 10. A baffle or flap 38 is connected to the exterior of the
cylinder 32. The baffles are positioned above the openings 34 and extend outwardly and
downwardly to deflect grain 11 away from the openings 34 while the grain mass 11 is placed
around the cylinder 32.

Disposed within the cylinder 32 are a plurality of vents 40. The vents 40 are of any
size, shape, and structure and include any device adapted to selectively seal the flow of fluid
in the cylinder 32, either allowing or preventing the fluid to flow through the openings 34 and
into the grain mass 11 or from the grain mass 11 into the openings 34 and into the cylinder 32.

In a similar embodiment, also disposed within the cylinders 32, adjacent to and above
and/or below the vents 40, is at least one, and preferably more, gates 52. The vents 40,
sensors 30, and gates 52 are connected to and controlled by a computer 42. The computer
42 has a processor, memory, monitor, input device, display, and network interface.

The gates 52 are of any size, shape, and structure. In one example, the gates 52 are
disposed within a cylinder 32 having an inner surface 46. The gates, having outer surface 44,
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span the width of the cylinder 32. To allow the transmission of pressurized air past the gate
52 there are a plurality of radially spaced barbs 48, each adapted to receive an air hose or tube
50.

The gate 52 has housing 54 with a cylindrical side wall 54, a bottom wall 56 with a
central opening 58, and an open top 60. A pneumatic actuator 62 is mounted within the
housing 54 by a plurality of cross-supports 63 and extends out of the open top 60. The actuator
62 has a spring-loaded piston 64 that is adapted to move in and out of a sleeve 66. One of the
air tubes 50A is connected to the sleeve 66 to selectively provide pressurized air to the actuator
62 from a source of pressurized air 68. Attached to an end 70 of the piston 64 is a plug 72.
The plug 72 is positioned and sized to selectively fill and seal the opening 58 in the bottom wall
56 of the housing of gate 52 to seal the opening 58.

Positioned above and/or below each gate 52, within cylinder 32, is a vent assembly 74.
The vent assembly 74 is of any size, shape, and structure. In the example shown the vent
assembly 74 has a plurality of flaps 76 connected to a central connector 78 by links 80. The
flaps 76 have an inner surface 82 and a top edge 84. The links 80 are pivotally connected at
a first end 86 to the central connector 78 and pivotally connected at a second end 88 to the
inner surface 82 of the flap 76.

The cylinder 32, adjacent the flaps 76, has an outwardly extending cuff 90. The cuff 90
has a first or top wall 92 that extends outwardly in relation to a vertical axis of the cylinder 32
to a transition point 94, and a second, or bottom wall 96 that extends from the transition point
94 back toward the vertical axis of the cylinder 32 to provide a generally triangular cross-
section.

The first wall 92 is angled from the cylinder 32 to the transition point 94 to prevent grain
from sitting on the wall 92. The cylinder 32 has a plurality of openings 98 that align with the
flaps 76. The second wall 96 angles downwardly from the transition point 94 to the cylinder
32, preferably at the angle of repose, and is perforated.

The central connector 78 is connected to a second pneumatic actuator 100. The
second pneumatic actuator 100 is positioned above the central connector 78 and mounted to
the inner surface 44 of the cylinder 32. Like the first actuator 62, the second actuator 100 has
a spring-loaded piston 64 that is adapted to move in and out of a sleeve 66. One of the air
tubes 50B is connected to the sleeve 66 to selectively provide pressurized air to the sleeve 66.
The central connector 78 is connected to an end 70 of the piston 64.

The gates 52 and vent assemblies 74 are vertically spaced within the cylinders 32 and
define horizontal tiers 102 within the container 12. The vertical cylinders 32 define vertical
regions 104 between the cylinders 32 and between the cylinders and an outer side wall 106 of
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the container 12. The combination of tiers 102 and regions 104 define sections 108 within the
grain mass.

In operation, the sensors 30 detect information about the grain mass 11 and transmits
this information to the computer 42 where the information is stored. In one embodiment the
information is sent to a cloud based storage where the information is combined with information
from other saturation systems. The combined information is processed and analyzed and can
be used by each system to improve the saturation process and efficiency as well as artificial
intelligence for each system.

The sensed information is also processed and analyzed to dynamically determine and
create a flow pattern through the grain mass. As an example, the sensors 30 send information
regarding the status and characteristics of the grain mass 11, such as temperature and
humidity, to the computer 42. The computer 42 uses this information to determine conditions
of the grain mass 11, such as moisture content, and operating parameters of the system 10,
such as flow rate. The computer 42 compares the determined condition and/or parameter with
a predetermined condition and/or parameters that is stored within the computer. Stored
information may include, but is not limited to, time parameters, historical data, external data
from other sources including information from other saturating systems, user inputs, weather
conditions and any combinations thereof.

Based upon the comparison, the computer activates various vents 40 and/or gates to
open or close to direct the flow pattern of the fluid through the medium in an efficient manner.
The vents 40 and gates 52 are activated electrically, hydraulically, mechanically, pneumatically
or any combination thereof. In particular, software and processor also determines target
section 110 which is the section 108 to be saturated such as the section with the highest
moisture content. Based upon the identified target section 110 the computer 42, through
electrical signal or the selective release of pressurized air from the source of pressurized air
68 activates selected gates 52 and vent assemblies 74.

The number of flow patterns is unlimited based upon the various combination of
cylinders 32, vents 40, and gates 52 and include both two dimensional flow patterns such as a
triangle, and three dimensional flow patterns such as a pyramid with n-number of legs. Any
conceivable shape of flow pattern can be created.

In one example, using one cylinder 32 a first vent 40A or 74A (used interchangeably)
is positioned below a second vent 74B in spaced relation. With both vents open, fluid will flow
through the air cylinder 32 from the inlet port 13 to the exhaust port 15. With vent 74A open,
some fluid will flow out of cylinder 32 through vent 74A and into the grain mass 11. Since vent
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74B is also open, the fluid in the grain mass 11 will flow through vent 74B into cylinder 32 and
to exhaust port 15.

To enhance this flow pattern, gates 52A and 52B are positioned adjacent vents 74A
and 74B. With gate 52A closed, all fluid is forced through vent 74A into the grain mass 11.
With gate 52B open, fluid is drawn back through vent 74B, into cylinder 32, and to exhaust port
15. To obtain an additional, more horizontal or transverse flow pattern, perforated tubes 17
are positioned in vertical spaced relation to the cylinder 32. As a result, some fluid flows from
vent 74A across the grain mass 11 to the perforated tube 17.

In another example, using multiple cylinders 32, the vents 74 and gates 52 are activated
to a target section between the cylinders 32.

For example, as shown in Fig. 6, the tiers 102 are represented by T0, T1, T2, and T3,
while the regions 104 are represented by A, B, C. The target section 110 is positioned in the
section where tier T1 crosses region B.

The assembly has two cylinders 32 shown as X and Y, with each cylinder having
vertically spaced gates 52A, 52B, 52C, 52D, 52E and 52F, with each gate having a vent
assembly 74A, 74B, 74C, 74D, 74E, and 74F positioned adjacent and below each gate
respectively.

To direct influent, air that has yet to dry the grain mass, to the target section, in the
example shown, gates 52A, 52E, and 52F are opened while the remaining gates stay in a
normal closed, spring-biased, position. At the same time, vent assemblies 74B and 74E are
opened while the remaining vent assemblies remain in a normal closed, spring-biased,
position. As aresult, an air flow path is created such that influent flows from the fan 24 through
heater 28 or other conditioning devices and into cylinder 32X and past open gate 52A and
closed vent assembly 74A to closed gate 52B and open vent assembly 74B.

The influent is then drawn horizontally in a straight line into the target section 110
through open vent assembly 74B toward open vent assembly 74E. The effluent, air that has
dried the grain mass, flows into cylinder 32Y through vent assembly 74E and past open gate
52E and 52F and closed vent assembly 74F and is discharged from cylinder 32Y. Flow into
cylinder 32Y from the inlet port 13 is restricted by closed gate 52D.

The flow pattern may be further expanded by opening more vents 74 in cylinder 32X,
cylinder 32Y, or both. For example, in addition to vent 74B and gates 52k and 52E being open,
by opening vent 74A, the flow pattern changes from aline to a triangle. More specifically, some
fluid will flow from vent 74A at an angle to vent 74E and some fluid will flow from vent 74B
straight across to vent 74E.
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A modified flow pattern would be created by closing gate 52A and opening gates 52B
and 52C. As a result some fluid would flow from vent 74A to 74B and some would flow from
vent 74A to vent 74E. After reaching vents 74B and 74E, the effluent would be unrestricted to
exit the system through exhaust port 15.

Another modified flow pattern would be created by closing vent 74A and opening vents
74B, 74D, and 74E while opening gates 52A and 52E and closing gates 52B and 52D. As a
result, some fluid would flow from vent 74D toward both vents 74B and 74E but only through
vent 74E and fluid would flow from vent 74B both toward and through 74E.

In yet another modified flow pattern vents 74A, 74B, 74E and 74F are open as are gates
52A, 52E, and 52F. As a result fluid flows at an angle from vent 74A to vent 74E and 74B to
74F forming a polygon shaped flow pattern.

Any flow pattern could be adjusted to avoid short circuiting a target section 110. This
is done by lowering the flow through any vent by partially opening the vent or adjusting the air
flow in one cylinder relative to the other. Also, the height of the vents 74 and gates 52 are
changed to modify flow patterns. Finally, conduits can be connected to and be in
communication with multiple cylinders particularly at the input port.

The modification of flow patterns is useful for a number of reasons. The ability to
change the flow pattern to adapt to changing conditions within the grain mass as detected by
the sensors or as otherwise ascertained by historical data, outside data or human input.
Artificially creating a smaller grain depth and/or horizontal flow profile diminishes the energy
required to drive fluid through the grain mass. Controlling the height and direction of flow
patterns allows the drying front to be effectively and artificially moved through the grain mass,
causing the time to dry the grain to be dependent on a controlled system and not equilibrium.
Varying flow through different sections of the grain mass allows the sections to be dried to a
precise predetermined level, no more, no less, throughout the entire grain mass.

Data from other grain masses may be used also to check for errors in the system, as
well as other reasons. For example, the data may be used to preemptively aerate certain
sections of the grain mass based upon data from statistically similar grain masses which
appear to be at risk of spoilage. The data may also be used to replace detected information
from a failed sensor.

The computer 42 modifies the flow pattern when target sections obtain desired
conditions. Moisture content, number of hotspots and other relevant data is collected over the
course of a storage season to create new protocols and a score sheet of the value of the grain
mass. This might be done to mathematically estimate the theoretical dry matter loss of the
grain in the mass. This could be done over the course of a few storage seasons and compared

7
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to the actual value of the grain as sold in the market to improve the accuracy of the estimate.
This could be done in absolute terms as it relates to the specific quality of the grain in that
mass, or as in relative terms comparing it to the grain in other grain masses, or both. The data
used to provide a relative estimate of the value of the grain could also be used to provide
research on the grain market. The data is also used by the computer 42 to develop machine
learning through artificial intelligence. The computer, based on both internal and external data
will anticipate and create flow patterns that protect the grain mass, reduce drying time, and
reduce energy consumption.

Accordingly, an assembly for saturating a medium with fluid which includes an
assembly for drying a grain mass with influent has been disclosed that, at the very least, meets
the stated objectives.
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What is Claimed lIs:

1. Assembly for saturating a medium with a fluid, comprising: at least one hollow cylinder
having an input port and an output port embedded within a medium; and at least one vent
assembly that selectively opens and closes to seal an opening in the at least one hollow
cylinder.

2. The assembly of claim 1 wherein at least one gate is disposed within the at least one
hollow cylinder to selectively restrict fluid flow through the at least one hollow cylinder.

3. The assembly of claim 1 wherein the at least one vent assembly is pneumatic.

4. The assembly of claim 1 further comprising a plurality of sensors disposed within the
medium adapted to determine the conditions of a medium.

5. The assembly of claim 1 wherein one or more fluid conditioning devices are in

communication with the hollow cylinder.

6. The assembly of claim 1 wherein at least two hollow cylinders conduct fluid and allow
for the horizontal transfer of fluids through the medium.

7. The assembly of claim 1 wherein the at least two hollow cylinders divide the medium

into vertical regions.

8. The assembly of claim 1 wherein the at least one gate divides the medium into

horizontal tiers.

9. The assembly of claim 1 wherein the medium has sections defined by horizontal tiers

and vertical regions.
10. The assembly of claim 9 wherein at least one sensor associated with each section
transmits information about a medium in the sections to a computer which calculates the

condition of the medium in the sections.

11. The assembly of claim 10 wherein the computer determines a target section.
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12. The assembly of claim 11 wherein the computer activates the at least one vent
assembly and at least one gate to create a flow path where influent flows to and through the
target section and effluent flows from the target section to discharge.

13. The assembly of claim 10 wherein at least two cylinders are embedded in the medium,
each with at least one gate and one vent assembly, which allow for influent air to pass through
one cylinder, through the target section, and discharge from the medium through the other

cylinder and allowing for horizontal air flow.

14. The assembly of claim 10 wherein the at least one cylinder has more than one vent
assembly with at least one gate assembly in between the vent assemblies, allowing for the
influent air to pass through the cylinder up until the at least one gate, out a first vent assembly,
through the target section, and back into the cylinder and allowing for vertical bypassing of

sections of the medium.

15. The assembly of claim 11 wherein the computer keeps track of the conditions in the
target sections and the whole of the medium and is able to estimate the overall quality and

value of the medium.

16. The assembly of claim 15 wherein multiple assemblies communicate with one another
and are able to estimate the value of each medium relative to one another.

17. The assembly of claim 16 wherein multiple assemblies are able to complement one

another via statistical analysis to determine errors and improve individual assembly

performance.

10
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