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ABSTRACT

A branch for distributing granular material includes an inlet portion, a transition portion
downstream of the inlet portion, and an outlet portion downstream of the transition portion. Each
portion has a critical air flow rate that is required to cause the granular material to flow through
the respective portion. The branching that occurs at the transition portion results in the critical air
flow rate of the transition portion being greater than the critical air flow rate of the inlet portion,
typically requiring an amount of air at least equal to the critical air flow rate of the transition
portion to flow granular material through the branch. In the disclosed branch, the inlet portion 1s
oriented relative to the outlet portion such that applying air to substantially equal the critical air

flow rate of the inlet portion results in granular material being urged by gravity to move through

the transition portion and into the outlet portion.
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DENSE PHASE DISTRIBUTION BRANCH

FIELD OF THE INVENTION
[0001] The present invention relates generally to dense phase distribution of granular
material, and more particularly, to a dense phase distribution branch configured and oriented to

establish and maintain efficient dense phase flow of granular material through the dense phase

distribution branch.

BACKGROUND OF THE INVENTION

[0002] Many agricultural processes require the delivery of a granular material, such as
seed, fertilizer, and the like, from a bulk storage tank toward an outlet or secondary containment
system. The granular material is often motivated pneumatically through a series of lines. The
flow of granular material through the lines is typically classified as one of two general types,
specifically, the granular material may be motivated in a dilute phase flow or in a dense phase
flow. During dilute phase flow, the volume percentage of air in the line is much greater relative
to the volume percentage of granular material. Alternatively, during dense phase flow the
relative ratio is reversed, meaning that a greater volume percentage of granular material is
motivated through the line by a lower volume percentage of air.

[0003] Dense phase flow provides various benefits. Overall, dense phase flow 1s more
etficient as compared to dilute phase flow because more granular material can be transferred
from one location to another with less energy. Moreover, dense phase flow can be generally
operated with line velocities under four feet per second (1.2 m/s) and motive pressures below
approximately fourteen pounds per square inch gauge (approximately 1 atm). This low
velocity/pressure provides smooth, gentle transfer of the granular material through the line
thereby reducing damage to the granular material. Also, since near full pressure resides 1n the
lines at startup, starting the dense phase flow occurs quickly when desired. Further, dense phase
flow allows for fewer, smaller lines to be used as compared to dilute phase flow (e.g., two 2" (5
cm) diameter dense phase lines can be configured to transport substantially the same rate of
granular material as eight 2.5"” (6.4 cm) lines using dilute phase flow). Dense phase flow also
provides improved flexibility to deliver product sectionally without the need for bulky, costly,
and repetitious equipment (e.g., sectional distribution using dilute phase flow may require

multiple metering sections, independent air supplies to create the dilute phase flow, etc.).
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|0004] Dense phase flow, however, presents a series of challenges, especially when used
in the agricultural context. When dense phase flow is incorporated in the agricultural context, the
overall dense phase distribution system is limited in capacity by practical considerations (i.e., the
amount or volume of air that can be supplied to the system to deliver the granular material from a
bulk storage tank to the ultimate application is limited by space, power, and other operating
conditions).

[0005] The challenges are exacerbated by the inclusion of a branch in the system. A
branch diverts the upstream flow of granular material into two or more downstream flows,
thereby allowing the granular material to be distributed to multiple outlets or secondary
containments (albeit not necessarily simultaneously as a downstream valve can control an end of
the line outlet, and therefore conserve the available air). A branch typically results in an
increased cross-sectional area and a decrease in the velocity (and momentum) of the granular
material through a branch. This decrease in velocity is in addition to the resistance attributable to
typical line tlow losses and resistance resulting from relative movement between grains of the
granular material. Limited pneumatic capacity prevents the “simple” solution of increasing the
flow rate of air in the lines to counterbalance the expanded area of the branch. An increased
pneumatic flow rate will also reduce some of the benefits of dense phase, such as the smooth,
gentle tlow of the granular material. As a result, the limited pneumatic capacity and typical
branch flow losses of dense phase flow presents challenges to maintain efficient transfer of the
granular material through the branch.

10006] In view of at least the preceding considerations, delivery of granular material by
dense phase flow through a branch has many unique challenges that are present in the

agricultural industry. Therefore, a need exists for a dense phase branch that overcomes the

established challenges.

SUMMARY OF THE INVENTION
[0007] In accordance with one aspect of the invention, a branch configurable for use in a
dense phase distribution system that distributes a granular material comprises an inlet portion
defining an inlet critical air flow rate required to cause the granular material to flow through the
inlet portion, a transition portion downstream of the inlet portion defines a transition critical air
flow rate required to cause the granular material to flow through the transition portion, and an
outlet portion downstream of the transition portion. The transition critical air flow rate 1s greater

than the inlet critical air flow rate. The inlet portion is oriented relative to the outlet portion such
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that applying an amount of air to the inlet portion substantially equal to the inlet critical air flow
rate will result in granular material moving through the transition portion and into the outlet
portion.

[0008] The outlet portion may define an outlet critical air flow rate required to cause the
granular material to flow through the outlet portion, and the inlet critical air flow rate may be
substantially equal to the outlet critical air flow rate.

[0009] The inlet portion may be substantially circular in an inlet plane normal to a
direction of travel of the granular material in the inlet portion, and the outlet portion may be
substantially circular in an outlet plane normal to a direction of travel of the granular material in
the outlet portion. The inlet portion may define an inlet portion diameter that may be
approximately two inches (5 cm) and the outlet portion may define an outlet portion diameter
that may be approximately two inches.

[0010] The inlet critical air flow rate may be less than approximately three and one-half
teet per second (1.1 m/s).

[0011] The branch may further comprise a vertical axis extending normal to a horizontal
plane, a transition axis defined by the transition portion along the direction of travel and
intersecting the vertical axis, a transition angle defined between the vertical axis and the
transition axis, and a transfer angle defined between the vertical axis and an inherent repose
surface defined by the granular material. The transition angle is equal to or less than the transfer
angle.

[0012] According to another aspect of the invention, a branch configurable for use in a
dense phase distribution system that distributes a granular material defining a transfer angle
between a vertical axis and an inherent repose surface defined by the granular matenal,
comprises an inlet portion defining an inlet critical air flow rate required to cause the granular
material to flow through the inlet portion, a transition portion downstream of the inlet portion
defining a transition axis along the direction of travel in the transition portion and intersecting
the vertical axis, a transition angle defined between the vertical axis and the transition axis, and a
transition critical air flow rate required to cause the granular material to flow through the
transition portion, and an outlet portion downstream of the transition portion. The transition
critical air flow rate is greater than the inlet critical air flow rate. The transition angle is equal to
or less than the transfer angle such that a force of gravity urges the granular material from the

inlet portion through the transition portion and into the outlet portion.
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[0013] The outlet portion may define an outlet critical air flow rate required to cause the
granular material to flow through the outlet portion and the inlet critical air flow rate may be
substantially equal to the outlet critical air flow rate.

|0014] The 1inlet portion may be substantially circular in an inlet plane normal to a
direction of travel of the granular material in the inlet portion, and the outlet portion may be
substantially circular in an outlet plane normal to a direction of travel of the granular material in
the outlet portion. The inlet portion may define an inlet portion diameter that may be
approximately two inches (5 cm) and the outlet portion may define an outlet portion diameter
that may be approximately two inches (5 cm).

[0015] The 1nlet critical air flow rate may be less than approximately three and one-half
feet per second (1.1 m/s).

10016] In accordance with yet another aspect of the invention a method of manufacturing
a branch for use in a dense phase distribution system that distributes a granular material along a
direction of travel, comprises the steps of: arranging an inlet portion that defines an inlet critical
air tlow rate required to cause the granular material to flow through the inlet portion; arranging a
transition portion downstream of the inlet portion that defines a transition critical air flow rate
required to cause the granular material to flow through the inlet portion, wherein the transition
critical air flow rate is greater than the inlet critical air flow rate; arranging an outlet portion
downstream of the transition portion; and orienting the inlet portion relative to the outlet portion
such that applying an amount of air to the inlet portion substantially equal to the inlet critical air
tflow rate will result in granular material moving through the transition portion and into the outlet

portion.

[0017] The outlet portion may define an outlet critical air flow rate required to cause the
granular material to flow through the outlet portion, and the inlet critical air flow rate may be

substantially equal to the outlet critical air flow rate.

[0018] The foregoing and other aspects of the invention will appear in the detailed
description that follows. In the description, reference is made to the accompanying drawings,

which illustrate preferred example embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] FIG. 1A is a partial top view of a dense phase distribution system used in

connection with an agricultural vehicle;
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[0020] F1G. 1B is a partial side view of the dense phase distribution system and
agricultural vehicle of FIG. 1A;

[0021] FIG. 1C is a partial end view of the dense phase distribution system of FIG. 1A;

[0022] FIG. 2 1s a simplified schematic of a dense phase distribution system
incorporating an aspect of the invention;

[0023] FIG. 3 is a partial perspective view of a branch in accordance with an aspect of

the invention;

[0024] FIG. 4 is a partial section view of a branch in accordance with another aspect of

the invention; and

[0025] FIG. S 1s a partial side elevation view of a branch in accordance with yet a further

aspect of the invention.

DETAILED DESCRIPTION OF THE EXAMPLE EMBODIMENTS

[0026] Simplified pictorial and schematic representations of a dense phase distribution
system 10 incorporating an aspect of the present invention are shown in FIGS. 1A, 1B, 1C, and
2. The dense phase distribution system 10 is described in the context of the agricultural industry
and the distribution of granular material, such as seed and fertilizer; however, the description is
not intended to be limiting. As a result, the dense phase distribution system 10 and components
disclosed and claimed may be implemented in a variety of industries and contexts to distribute a
range of granular materials. For example, the dense phase distribution system 10 may be
configured for use in the mining industry to more efficiently move grains of coal.

[0027] In the example embodiment described in the agricultural context, the various

components of the dense phase distribution system 10 are secured to a frame 200 that is

coupleable to and pulled behind an agricultural vehicle 300, such as a tractor. As will be
appreciated by one skilled in the art, the frame 200 may support components required for
planting, seeding, or any other agricultural processes. With continued reference to FIGS. 1A, 1B,
1C, and 2, the dense phase distribution system 10 broadly includes a dense phase supply system
12 for controlling the dense phase flow of a granular material 14. In the example embodiment,
the dense phase supply system 12 supplies a granular material 14 (e.g., seed) to a series of
secondary containment systems 40a, 40b, 40c, 40d, 40e, 40f (seeders, planters, storage container,
and the like) for ultimate distribution to a field. Additional secondary containment systems are
shown 1n FIG. 1A, however for simplicity they are not described in detail as the present

disclosure enables one skilled in the art to adapt the invention for use with any number of
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secondary containment systems. The dense phase distribution system 10 provides a controllable
pneumatic pressure differential that can be activated and deactivated to motivate the granular
material 14 from a supply container 16 (or a plurality of supply containers 16) downstream
toward a supply line inlet 18 of a supply line 20. The supply line 20 1s in fluid communication
with the dense phase supply system 12 such that the granular material 14 may selectively flow
from the supply container 16 into the supply line 20.

[0028] In the example embodiment, the dense phase supply system 12 includes a
compressor 22 that provides an amount of pneumatic pressure to the supply container 16 (i.e., the
pneumatic capacity of the dense phase supply system 12). A valve 24 downstream of the supply
container 16 may be used to control the flow of granular material 14 through the supply line 20.
One skilled in the art will appreciate the various techniques available to control and modulate the
dense phase flow of granular material 14, as well as the various dense phase supply systems that
may be incorporated with the invention.

[0029] With specific reference to FIG. 2, the general purpose of the dense phase supply
system 12 is to distribute bulk granular material 14 from a central supply container 16 to various
downstream secondary containment systems 40a, 40b, 40c, 40d (seeders, planters, storage
container, and the like). When the dense phase supply system 12 is activated, the granular
material 14 is urged to flow by the pneumatic pressure from the supply container 16 downstream
to the supply line 20, and from the supply line inlet 18 to a supply line outlet 26. A branch inlet
28 of a branch 30 positioned downstream of the supply line 20 is in fluid communication with
the supply line outlet 26 for receiving the granular material 14. The branch 30 diverts the dense
phase flow of granular material 14 from the single branch inlet 28 to a plurality of branch outlets

32a, 32b, 32¢, 32d downstream of the branch inlet 28. The example embodiment shows a pair of
branch outlets 32a, 32b depicted with solid lines, and also includes two additional branch outlets
32¢, 32d depicted with dashed lines. The invention contemplates that the branch 30 may include

any number of branch outlets 32a, 32b, 32¢, 32d to distribute the granular material 14 to a variety

of ultimate locations.

[0030] In the example embodiment, a plurality of distribution lines 34a, 34b, 34c, 34d are
positioned downstream of the respective branch outlets 32a, 32b, 32¢, 32d to direct the flowing
granular material 14 to the desired locations. Each distribution line 34a, 34b, 34c, 34d includes a

distribution line inlet 36a, 36b, 36¢, 36d in fluid communication with the respective branch
outlets 32a, 32b, 32c, 32d. The granular material 14 flows through the distribution lines 34a, 34b,
34c¢, 34d from the distribution line inlets 36a, 36b, 36¢, 36d to respective downstream

6
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distribution line outlets 38a, 38b, 38c, 38d. As noted above, the various distribution line outlets
38a, 38b, 38c, 38d may be configured to engage the respective secondary containment systems
40a, 40b, 40c, 40d. For example, the secondary containment systems 40a, 40b, 40c, 40d may be
pressurized seed distribution systems that further distribute the granular material 14 (e.g.,
fertilizer). Alternatively, the secondary containment systems 40a, 40b, 40c, 40d may be seeders
that meter the granular material 14 (e.g., seed) and direct the granular material 14 to the
appropriate locations on the planting bed. One skilled in the art will appreciate the multitude of
secondary containment systems 40a, 40b, 40c, 40d compatible with the disclosed invention.

[0031] As one skilled in the art will appreciate, the cross-section of the supply line 20,
the branch 30, and the distribution lines 34a, 34b, 34c, 34d may be of any desired geometry. The
preferred embodiment incorporates circular cross-sections to generally aid uniform flow of the
granular material 14. Furthermore, the supply line 20, the branch 30, and the distribution lines
34a, 34b, 34c, 34d may be manufactured or formed from a variety of materials and compositions.
For example, plastic or metallic construction is preferred to maintain durable, economical

- construction of the dense phase distribution system 10.

[0032] In the typical branch, the flow of granular material 14 through the branch 1s
substantially impeded by the enlargement of the total flow area through the branch, standard
flow losses, and the relative movement between grains of the granular material 14 as it flows
through the branch. Moreover, due to practical considerations and limitations, the compressor 22
(or other pneumatic source) is limited in its capacity. Therefore, the available air supply cannot
simply be increased to account for the increased flow area at the branch 30. The branch 30
disclosed by the invention is oriented and configured such that the granular material 14 1s urged
by gravity from the branch inlet 28 toward the respective branch outlet 32a, 32b, 32¢, 32d, and
thus substantially flows from the branch inlet 28 toward the respective branch outlet 32a, 32b,

32c¢, 32d under the urging of gravity, thus reducing the amount of air required to move the

granular material 14 through the branch 30.

[0033] Granular material 14 will typically flow through a line due to the urging of gravity
if the line is oriented downward at an angle that is steeper than the inherent transfer angle of the
granular material 14 (discussed below), for example, a vertically oriented line. The granular
material 14 will flow through a line at other angles provided a sufficient amount of air having a
sufficient velocity is forced through the line containing the granular material 14. The critical air

flow rate is that amount and velocity of air (i.e., mass flow rate) required to cause the granular

material 14 to begin to flow in the line--thus initiating dense phase flow. The critical air flow rate

7
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1S a function of the line (e.g., cross-sectional area, inherent losses, etc.), environmental factors
(e.g., relative humidity, ambient temperature, etc.) and the properties of the granular material 14
(e.g., grain size, grain contour, etc.). The mass flow of the granular material 14 will generally
increase as the velocity of the air is increased.

10034] The velocity of air moving through any particular section of line will depend in
part on the cross-sectional area of the line. In general, given a constant air supply, as the area
increases the corresponding velocity will decrease. Alternatively, if the area decreases, the
corresponding velocity will increase accordingly. Only when the critical velocity is reached in
the largest cross section of the line, oriented at an angle steeper than the transfer angle, will
dense phase flow begin to occur throughout the line. A typical branch causes an increase in
cross-sectional area that in turn requires an increase in the velocity of the supplied air to motivate
the granular material 14 through the enlarged section.

[0035] However, because efficiency is important in the agricultural industry given the
limited capacity of the air source and because dense phase flow is preferably operated below
approximately fourteen pounds per square inch (1 atm), the motivating air pressure cannot
simply be increased to account for the enlarged area in the branch 30.

10036] With additional reference to FIG. 3, an exemplary branch 30 is shown. The
branch 30 includes an inlet portion 42 upstream of a transition portion 44. A pair of outlet
portions 46a, 46b are downstream of the transition portion 44. As noted, the branch 30 may
include multiple outlet portions 46a, 46b and remain within the scope of the present invention.
Moreover, any of the outlet portions 46a, 46b may alternatively lead to another inlet portion (not

shown) of a downstream branch (not shown).

10037] The inlet portion 42 preferably has a substantially circular cross section in an inlet

plane 48 defined normal to a direction of travel 50 of the granular material 14 in the inlet portion
42. In the preferred embodiment, an inlet portion diameter 52 is approximately two inches (5
cm). The parameters of the inlet portion 42 define an inlet critical air flow rate 54 (in
combination with other environmental factors and properties of the particular granular material
14). The inlet critical air flow rate 54 is the minimum flow rate required to motivate granular
material 14 in the inlet portion 42. In the example embodiment, the inlet critical air flow rate is
approximately three and one-half feet per second (1.1 m/s). This relatively low flow rate is
preterred for dense phase transport of the granular material 14.

[0038] In operation, once the supplied pneumatic flow rate reaches the inlet critical air

flow rate 54, the granular material 14 in the inlet portion 42 will flow downstream in the

8
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direction of travel 50 in the inlet portion 42 toward the transition portion 44. The transition cross
sectional area 51 at the transition portion 44 is greater than the inlet cross sectional area 49 1n the

inlet portion 42. As a result, the transition portion critical air flow rate 56 is greater than the inlet

critical air flow rate 54. Without the requisite orientation of the branch 30, the granular material
14 would not be motivated any further downstream because the expanded area at the transition
portion 44 would reduce the velocity of the supplied air. To overcome this, the branch 30 1s
configured such that the granular material 14 is urged by gravity at least through the transition
portion 44 (i.e., the portion of increased cross section relative to the inlet portion 42) to the outlet
portions 46a, 46b, whereat the supplied pneumatic flow would again motivate the granular
material 14 because the outlet critical air flow rate 78a, 78b is substantially equal to the inlet
critical air flow rate 54. One skilled in the art will appreciate that other flow losses must be
accounted for to ensure that the flow rate is sufficient throughout the branch 30, supply line 20,
and distribution lines 34a, 34b, 34c, 34d to account for traditional flow losses and thus ultimately
motivate the granular material 14 through the dense phase distribution system 10.

[0039] With continued reference to FIG. 3, the orientation of the branch 30 must be such
that gravity urges the granular material 14 downstream through the transition portion 44. The
orientation must take into consideration inherent properties of the granular material 14.
Specifically, an angle of repose 58 defined by a pile of granular material 14 establishes the
transfer angle 60 measured relative to a vertical axis 62 extending normal to a horizontal plane
64. The angle of repose 58 is the angle defined by the material properties of the particular
granular material 14. Specifically, the shape and friction between grains of the granular material
14 influence the angle of repose 58. As shown in FIG. 3, the angle of repose 58 can be
approximated by piling the granular material 14 on the horizontal plane 64 such that a conical
body 66 having a peak and a base is formed thereon. The angle of repose 58 is then measured as
the angle between the horizontal plane 64 and the repose surface 68 of the granular material 14.
The angle of repose 58 substantially defines the minimum angle at which the particular granular
material 14 will flow urged only by the force of gravity acting on the grains within the granular
material 14. As shown in FIG. 3, the transfer angle 60 is fixed by the repose angle 58 and 1s
defined between the repose surface 68 and the vertical axis 62.

[0040] To ensure gravity flow of the granular material 14 through the transition portion
44, the branch 30 must be oriented accordingly. The transition portion 44 defines multiple
transition axes 70a, 70b extending along respective directions of travel 72a, 72b through the

transition portion 44 and the outlet portions 46a, 46b, respectively. The transition axes 70a, 70b
9
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define transition angles 74a, 74b that must be equal to or, preferably, less than the transfer angle
60 defined by the granular material 14. If the transition angles 74a, 74b are equal to or less than
the transfer angle 60, gravity will act to urge the granular material from the inlet portion 42
through the transition portion 44 and into the outlet portions 46a, 46b whereat the air supply will
continue to motivate the granular material 14.

[0041] In the preferred example embodiment the outlet critical air flow rates 78a, 78b are
substantially equal to the inlet critical air flow rate 54. Thus, given that only one of the outlet
portions 46a, 46b is delivering the granular material 14 at a given moment (else additional air is
required) the granular material 14 continues to flow downstream through the active outlet portion
46a, 46Db.

[0042] In the preferred example embodiment, the outlet portions 46a, 46b define
substantially circular cross-sections 80a, 80b in outlet planes 82a, 82b, respectively normal to the
direction of travel of the granular material 14 in the outlet portions 46a, 46b. Additionally,
respective outlet portion diameters 84a, 84b are preferably two inches (5 cm). The outlet portions
46a, 46b direct the granular material 14 downstream to the branch outlets 32a, 32b and
ultimately into the respective secondary containment systems 40a, 40b. Moreover, it is desirable
to maintain a constant cross-sectional area as much as practical in the branch 30. The preferred
embodiment includes external bends 86 that have a curvature matched to the appropriate internal
bend 88. As a result, the cross-sectional area at a bend or curve remains substantially uniform.

[0043] The configuration of the branch 30 aids the flow of the granular material 14 in the
dense phase distribution system 10. The structure of the branch 30 typically results in an increase
in the flow area of the dense phase distribution system 10. This increase in area also results in a
decrease of the pneumatic velocity and thus motivation of the granular material 14 through the
branch 30. As a result, in prior systems, dense phase flow of granular material 14 required
significantly higher pressures to motivate the granular material 14 through a branch 30.
Moreover, significant pressure was necessary to ensure that the granular material 14 flowed

through the branch 30 after a stoppage or deactivation of the dense phase supply system 12.
Reactivating the dense phase supply system 12 after the granular material 14 has stagnated
requires additional pressure due to the resistance within the granular material 14 and between the
granular material 14 and the interior surfaces of the branch 30.

[0044] To overcome these, and other, inherent challenges in efficiently motivating

granular material 14 in a dense phase distribution system 10, the branch 30 is generally oriented

such that applying an amount of air to the inlet portion substantially equal to the inlet critical air

10
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tlow rate 54 will result in the granular material 14 flowing through the transition portion 44 and
into the downstream outlet portions 46a, 46b. The urging of gravity will help motivate the
granular material 14 through the enlarged portion of the branch 30, thus reducing the air required
to move the granular material 14 through the branch 30.

[0045] As one examplary embodiment of the invention, the granular material 14 may
include seed having an angle of repose 58 that is approximately thirty degrees. The transition
angles 74a, 74b are preferably substantially between zero degrees and sixty degrees relative to
the vertical axis 62. The branches 30 are oriented such that granular material 14 efficiently flows
through the branch 30 with a minimal air supply.

[0046] As another examplary embodiment of the invention, the granular material 14 may
include fertilizer having an angle of repose 58 that is approximately thirty-eight degrees. In this
situation, the transition angles 74a, 74b are preferably substantially between zero degrees and
fifty-two degrees relative to the vertical axis 62 to ensure that the branches 30 are oriented such
that granular material 14 efficiently flows through the branch 30 with a minimal air supply.

[0047] With additional reference to FIG. 4, after the angle of repose 58 has been
determined, in any manner known to one skilled in the art, the branch 30 may be oriented in a
variety of positions. As shown in FIG. 4, an alternative branch 230 is generally described. An
inlet portion 242 defines an inlet critical air flow rate 254. The granular material 14 is directed in
to a transition portion 244 having a transition critical air flow rate 256 that is greater than the
inlet critical air flow rate 254 because the transition cross-sectional area 251 is greater than the
inlet cross-sectional area 249. Again, the circular cross-section is not limiting, but merely used as
an example. In operation, the granular material is directed out of the inlet portion 242 through a
generally annular opening 243 defined by an arcuate plug 245. The plug 245 is secured
proximate the end of the inlet portion 242 and establishes an opening 243 having a total area that
1s small enough to ensure that the inlet critical flow rate 254 is sufficient to motivate the granular
material 14 fully into the transition portion 244. Alternatively, the plug 245 may be absent and a
sufficient amount of air supplied to ensure that the granular material 14 piles atop the end of the
inlet portion 242 and is shed into the transition portion 244. Once the granular material 14 moves
into the transition portion 244, it naturally piles in accordance with the angle of repose 58
(shown 1n FIG. 4). However, the branch 230 is configured such that the urging of gravity on the
granular material 14 motivates the granular material 14 into the outlet portions 246. Once the
granular material 14 enters the outlet portions 246, the outlet portion diameter 284 results in an

outlet critical air flow rate 278 substantially equal to the inlet critical air flow rate 254, thus the

11
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granular material 14 continues to flow through the branch 230 without the need for additional
pneumatic motivation. The configuration shown in FIG. 4 is another example embodiment
contemplated as within the scope of the invention. One skilled in the art will appreciate the
variety of branch configurations given the teachings of the present disclosure.

[0048] An additional example embodiment is shown in FIG. 5. An inlet portion 342
defines an inlet critical air flow rate 354. The granular material 14 is directed in to a transition
portion 344 having a transition critical air flow rate 356 that is greater than the inlet critical air
flow rate 354 because the transition cross-sectional area proximate the transition portion 344 is
greater than the inlet cross-sectional area 349. This embodiment shows that the branch 330 may
include a non-horizontal inlet portion 342 and an elongated vertical segment 331. In any event,
the branch 330 1s configured such that the urging of gravity on the granular material 14 motivates
the granular material 14 into the outlet portions 346. The granular material 14 enters the outlet
portions 346 where the outlet critical air flow rate 378 is substantially equal to the inlet critical
air flow rate 354, thus the granular material 14 continues to flow through the branch 330 without
the need for additional pneumatic motivation. The configuration shown in FIG. 5 is yet a further
example embodiment contemplated as within the scope of the invention. Again, one skilled in
the art will appreciate the variety of branch configurations given the teachings of the present
disclosure.

[0049] Several example embodiments of the invention have been described in
considerable detail. Many modifications and variations to the example embodiments described

will be apparent to a person of ordinary skill in the art. Therefore, the invention should not be

limited to the preferred example embodiments described.

12
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CLAIMS
1. A branch configurable for use in a dense phase distribution system that distributes
a granular material, comprising:
an inlet portion defining an inlet critical air flow rate required to cause the granular
material to flow through the inlet portion,;
a transition portion downstream of the inlet portion defining a transition critical air flow

rate required to cause the granular material to flow through the transition portion; and

an outlet portion downstream of the transition portion;

wherein the transition critical air flow rate 1s greater than the inlet critical air tlow rate;

and

wherein the inlet portion 1s oriented relative to the outlet portion such that applying an
amount of air to the inlet portion substantially equal to the inlet critical air flow rate will result in

granular material moving through the transition portion and into the outlet portion.

2. The branch of claim 1, wherein:

the outlet portion defines an outlet critical air flow rate required to cause the granular

material to flow through the outlet portion; and

the inlet critical air flow rate is substantially equal to the outlet critical air flow rate.

3. The branch of claim 1, wherein:

the inlet portion 1s substantially circular in an inlet plane normal to a direction of travel of

the granular material in the inlet portion; and

the outlet portion is substantially circular in an outlet plane normal to a direction of travel

of the granular material in the outlet portion.

4. The branch of claim 3, wherein:

the inlet portion defines an inlet portion diameter that is approximately two inches (5
cm); and

the outlet portion defines an outlet portion diameter that is approximately two inches (5

cm).

5. The branch of claim 1, wherein the inlet critical air flow rate is less than

approximately 3.5 feet per second (1.1 m/s).

6. The branch of claim 1, further comprising:
13
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a vertical axis extending normal to a horizontal plane;

a transition axis defined by the transition portion along a direction of travel and
intersecting the vertical axis:

a transition angle defined between the vertical axis and the transition axis; and

a transter angle defined between the vertical axis and an inherent repose surface defined

by the granular material;

wherein the transition angle is equal to or less than the transfer angle.

7. A branch configurable for use in a dense phase distribution system that distributes
a granular material defining a transfer angle between a vertical axis and an inherent repose

surface defined by the granular material, comprising:

an 1nlet portion defining an inlet critical air flow rate required to cause the granular

material to flow through the inlet portion;

a transition portion downstream of the inlet portion defining a transition axis along a
direction of travel in the transition portion and intersecting the vertical axis, a transition angle
defined between the vertical axis and the transition axis, and a transition critical air flow rate

required to cause the granular material to flow through the transition portion; and

an outlet portion downstream of the transition portion;

wherein the transition critical air flow rate is greater than the inlet critical air flow rate;
and

wherein the transition angle is equal to or less than the transfer angle such that a force of

gravity urges the granular material from the inlet portion through the transition portion and into

the outlet portion.

8. The branch of claim 7, wherein:

the outlet portion defines an outlet critical air flow rate required to cause the granular

material to flow through the outlet portion; and

the 1nlet critical air flow rate is substantially equal to the outlet critical air flow rate.

0. The branch of claim 7, wherein:

the inlet portion 1s substantially circular in an inlet plane normal to a direction of travel of
the granular material in the inlet portion; and

the outlet portion 1s substantially circular in an outlet plane normal to a direction of travel

of the granular material in the outlet portion.

14
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10.  The branch of claim 9, wherein:

the inlet portion defines an inlet portion diameter that is approximately two inches (5

1

2

3 c¢m); and
4 the outlet portion defines an outlet portion diameter that 1s approximately two inches (5
5

cm).

1 11.  The branch of claim 7, wherein the inlet critical air flow rate 1s less than

2 approximately 3.5 feet per second (1.1 m/s).

12. A method of manufacturing a branch for use in a dense phase distribution system
that distributes a granular material along a direction of travel, comprising the steps of:

arranging an inlet portion that defines an inlet critical air flow rate required to cause the

granular material to flow through the inlet portion;

]
2
3
4
5 arranging a transition portion downstream of the inlet portion that defines a transition
6 critical air flow rate required to cause the granular material to flow through the inlet portion,

7 wherein the transition critical air flow rate is greater than the inlet critical air flow rate;

8 arranging an outlet portion downstream ot the transition portion; and

9 orienting the inlet portion relative to the outlet portion such that applying an amount of

10  air to the inlet portion substantially equal to the inlet critical air flow rate will resuit in granular

11  material moving through the transition portion and into the outlet portion.

13.  The method of manufacturing a branch of claim 12, wherein:

the outlet portion defines an outlet critical air flow rate required to cause the granular

]
2
3  matenal to flow through the outlet portion; and
4

the inlet critical air flow rate is substantially equal to the outlet critical air flow rate.

15
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