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ABSTRACT

Material flow modifiers as disclosed herein overcome draw-
backs associated with known adverse flow conditions (e.g.,
surface erosion, head losses, particulate drop-out, and the
like) that arise from flow of certain types of materials (e.g.,
fluids, slurries, particulates, flowable aggregate, and the like)
through a matenial flow conduit. Such material flow modi-
fiers provide for flow of flowable material within a flow
passage ol a material flow conduit (e.g., a portion of a
pipeline, tubing or the like) to have a rotational tlow profile.
Advantageously, the rotational flow profile centralizes flow
toward the central portion of the flow passage, thereby
reducing magnitude of laminar tlow to overcome the afore-
mentioned adverse flow conditions.
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MATERIAL FLOW MODIFIER AND
APPARATUS COMPRISING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application claims priority as a con-
tinuation from co-pending United States Non-Provisional
patent application having Ser. No. 17/021,602, filed 15 Sep.
2020, entitled “MATERIAL FLOW MODIFIER AND
APPARATUS COMPRISING SAME”, having a common
applicant herewith and being incorporated herein in 1its
entirety by reference.

FIELD OF THE DISCLOSURE

[0002] The disclosures made herein relate generally to
structural devices used for transmission of flowable mate-
rials and, more particularly, to devices used for enhancing
flow attributes of material within a material flow conduit
such as a pipeline or a tubular flow member.

BACKGROUND

[0003] The need to flow materials (1.e., flowable material)
through a matenial flow conduit 1s well known. Examples of
such materials include, but are not limited to, fluids, slurries,
particulates, particulate-filled fluid, flowable aggregate, and
the like. Examples of such material flow conduit include, but
are not limited to, pipes, pipelines, conduits, tubular flow
members, and the like.

[0004] As shown 1n FIG. 1, conventional flow of flowable
material 5 within a flow passage 10 of a material flow
conduit 15 has a flow profile characterized by laminar tlow
cllect (1.¢., laminar flow 20). The parabolic flow profile 1s a
result of the laminar boundary layer along the surface of the
material flow conduit 15 defining the flow passage 10.
Flowable maternial at the surface of the tlow passage 10
exhibits considerable friction and zero flow velocity, thereby
reducing velocity of the flowable material even at a consid-
erable distance from the surface of the flow passage 10. In
association with this reduced velocity, the laminar flow
cellect (e.g., Iriction at the surface of the matenal tlow
conduit) 1s known to increase head loss and heating of the
flowable material.

[0005] There are various well-known flow considerations
that arise when flowable material and, particularly abrasive
flowable material, flows through a material flow conduit
such as a pipeline. One such consideration 1s erosion (1.e.,
wearing) ol the matenal flow conduit. Transport and pump-
ing flowable material comprising abrasive contents, such as
coal and sand slurries, wet sand, gravel and the like can
cause especially high costs associated with component wear
due to interaction between the flowable material and the
surface defining the passage through which such material
flows. Additionally, uneven erosion 1n piping systems, espe-
cially elbow fittings, 1s well known to lead to fitting failure
or early fitting replacement, either of which 1s costly 1n
material, manpower and downtime.

[0006] When fluids or flowable materials pass through an
clbow fitting, the change in direction creates turbulent
conditions, flow separation and vortex shedding along the
pipe wall at the 1nside of the bend. This change 1n direction
may also create standing eddies causing backilow conditions
at points along the elbow fitting pipe walls. These conditions
generally cause the elbow fitting pipe wall along the outside
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of the bend to erode substantially faster than the pipe wall
along the inside of the bend because the tlowable material
impinges directly against the wall along the outside of the
bend as 1t enters the fitting and changes direction. Addition-
ally, due to centrifugal force, heavier solids and particulates
are generally thrown to the outside wall as the flowable
material changes direction and tend to continually scour the
outer wall.

[0007] A similar uneven erosion eflect 1s often experi-
enced 1n straight pipe runs. For example, the concentration
of particulates of a flowable material will increase in the
lower region of the fluid 1n long straight runs (i.e., particu-
late dropping out of suspension), making the bottom portion
of the fluud stream more abrasive or prone to material
deposition and/or aggregation than the upper portion. Such
material deposition and/or aggregation can alter fluid flow
conditions (e.g., velocity, temperature, pressure and the like)
and can alter the material composition of the flowable
material (e.g., less downstream concentration of particular
than required or intended). Additionally, 1n large diameter
piping systems, the weight of the flowable material 1s borne
by the lower pipe wall portion thereby causing higher
erosion rates.

[0008] Another well-known flow consideration that arises
1s head loss due to turbulence and flow separation 1n an
clbow fitting. Higher pumping pressures can be utilized for
mitigating this head loss resulting from such head losses.
However, higher pumping pressures are generally imple-
mented at the expense of higher energy consumption and
associated cost. Additionally, implementation of higher
pumping pressures often creates vibration and heating prob-
lems 1n the piping system.

[0009] Long radius elbow fittings and pipe sections can
reduce these adverse flow considerations. However, long
radius fittings require a great deal of space relative to
standard (1.e., short) radius fittings. Additionally, long radius
fittings still sufler accelerated erosion rates along the pipe
wall along the outside of the bend because centrifugal force
still causes heavier, more abrasive flowable materials to be
thrown to the outer wall, and they are continually scoured by
on-going flow of such flowable material.

[0010] Therefore, a device that overcomes one or more
drawbacks associated with known flow considerations that
arise from tlow of abrasive and/or particulate-filled material
flowing through a maternal tlow conduit would be beneficial,
desirable and usetul.

SUMMARY OF THE DISCLOSURE

[0011] Embodiments of the disclosures made herein are
directed to a device that overcomes one or more drawbacks
associated with known adverse flow conditions i pipe
structures. These drawbacks include, for example, surface
erosion, head losses, fluid cavitation, heating, particulates
dropping out of suspension, material composition changes,
and the like. These adverse flow conditions are known to
arise from flow of certain types of materials (e.g., fluids,
slurries, particulates, particulate-filled fluid, flowable aggre-
gate, and the like) through a matenial flow conduit. A
material flow modifier 1n accordance with one or more
embodiments of the disclosures made herein enables flow of
flowable material within a tlow passage of a material tlow
conduit (e.g., a portion of a pipeline, tubing or the like) to
have a rotational tlow profile—i.e., sometimes referred to as
cyclonic or vortex flow. Advantageously, such a rotational
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flow profile centralizes tlow toward a central portion of the
flow passage, thereby reducing the magnitude of laminar
flow. Such rotational flow profile provides a variety of other
advantages as compared to a parabolic tlow profile resulting
from laminar tlow (e.g., increased flow rate, reduce 1nner
pipeline wear, more uniform inner pipe wear, reduction in
energy consumption, reduced or eliminated slugging, main-
taining particulates 1n fluid suspension and the like).

[0012] Advantageously, material flow modifiers in accor-
dance with one or more embodiments of the disclosures
made herein are especially eflicient and eflective at keeping,
particles suspended with a fluid, thereby aiding in keeping
the particle-filled material continuous/free flowing and pro-
viding unrestricted material flow passages. Moreover, 1n
matenal flow systems having existing build-up of materials
in the bottom and/or other portion of the fluid flow conduit,
material flow modifiers 1n accordance with one or more
embodiments made herein create a rotational tlow profile
that enhances the flow of material through fluid tflow conduit
having surface obstructions (e.g., material deposits and/or
particles having fallen out of suspension), and 1n some
instances, such rotational tlow profile can serve to remove
all or a portion of such existing build-up of materials.

[0013] In one or more embodiment, a material flow modi-
fler comprises an interior tubular body and a plurality of
helical passage bodies. The interior tubular body has an
interior surface and an exterior surface. The interior surface
defines a central passage of the interior tubular body. The
central passage of the interior tubular body has a generally
round cross-sectional shape. The central passage of the
interior tubular body expands along a length thereof from a
smallest cross-sectional area at or near (i.e., adjacent) an
inlet of the interior tubular body to a largest cross-sectional
area at or near an outlet of the interior tubular body. The
plurality of helical passage bodies each surround and extend
along a length of the interior tubular body. Each of the
helical passage bodies defines a helical passage therein
extending along a length thereotf. The helical passage of each
of the helical passage bodies has an inlet at or near to the
inlet of the iterior tubular body and an outlet at or near to
the outlet of the interior tubular body. Each helical passage
tapers along a respective length therecol from a largest
cross-sectional area at or near the inlet thereof to a smallest
cross-sectional area at or near the outlet thereof.

[0014] In one or more embodiments, a material flow
modifier comprises an exterior tubular body, an interior
tubular body and a plurality of helix vanes. The exterior
tubular body has a central passage extending therethrough
and defimng a centerline longitudinal axis thereof. The
central passage of the exterior tubular body has a generally
round cross-sectional shape. The interior tubular body 1s
within the central passage of the exterior tubular body. A
central passage of the interior tubular body has a generally
round cross-sectional shape. A centerline longitudinal axis
of the central passage of the interior tubular body extends
colinearly with the centerline longitudinal axis of the exte-
rior tubular body. The central passage of the interior tubular
body expands along a length thereof from a smallest cross-
sectional area at or near (1.e., adjacent) a first end portion of
the exterior tubular body to a largest cross-sectional area at
or near a second end portion of the exterior tubular body.
Each of the helix vanes extends between an interior surface
of the exterior tubular body and an exterior surface of the
interior tubular body thereby defining a plurality of helical
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passages between the exterior tubular body, the interior
tubular body and respective adjacent ones of the helix vanes.
Each of the helical passages tapers along a respective length
thereof from a largest cross-sectional area at or near the first
end portion of the exterior tubular body to a smallest
cross-sectional area at or near the second end portion of the
exterior tubular body.

[0015] In one or more embodiments, a material flow
modifying apparatus comprises an inlet flow body, a mate-
rial flow modifier having a first end portion thereot attached
to the inlet flow body and an outlet flow body attached to a
second end portion of the matennal flow modifier. The
material flow modifier comprises an interior tubular body
and a plurality of helical passage bodies surrounding and
extending along a length of the interior tubular body. The
interior tubular body has an interior surface and an exterior
surface. The interior surface defines a central passage of the
interior tubular body. The central passage of the interior
tubular body has a generally round cross-sectional shape and
expands along a length thereof from a smallest cross-
sectional area at or near an inlet of the interior tubular body
to a largest cross-sectional area at or near an outlet of the
interior tubular body. Each of the helical passage bodies
defines a helical passage therein extending along a length
thereof. The helical passage of each of the helical passage
bodies has an inlet adjacent to the inlet of the interior tubular
body and an outlet adjacent to the outlet of the interior
tubular body. Each helical passage tapers along a respective

length thereof from a largest cross-sectional area at or near
the inlet thereot to a smallest cross-sectional area at or near

the outlet thereotf. The outlet of the interior tubular body and
the outlet of each of the helical passages are i fluid
communication with the central passage of the outlet tlow

body.

[0016] In one or more embodiments, a portion of the
interior tubular body 1s a wall of each of the helical passage

bodies.

[0017] In one or more embodiments, the cross-sectional
arca ol the central passage of the interior tubular body
expands linearly along the length thereof between the inlet
and outlets of the interior tubular body.

[0018] In one or more embodiments, the ilet of each of
the helical passages and the inlet of the central passage of the
interior tubular body at least partially lie in a common plane.

[0019] In one or more embodiments, the outlet of each of
the helical passages and the outlet of the central passage of
the 1nterior tubular body at least partially lie 1n a common
plane.

[0020] In one or more embodiments, an outer wall of each
of the helical passage bodies 1s cylindrical.

[0021] In one or more embodiments, the cylindrical outer
wall of all of the helical passage bodies have a uniform wall
thickness along a length thereof.

[0022] In one or more embodiments, a centerline longitu-
dinal axis of the central passage of the interior tubular body
extends colinearly with a centerline longitudinal axis of the
cylindrical outer wall of all of the helical passage bodies.

[0023] In one or more embodiments, the helical passage
bodies jointly define an exterior wall and/or surface of the
material tlow modifier.

[0024] In one or more embodiments, each of the helical
passage bodies has an outer wall, an 1nner wall and opposing
sides walls.
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[0025] In one or more embodiments, the mnner wall of each
of the helical passage bodies 1s a respective portion of a wall
defining the interior tubular body.

[0026] In one or more embodiments, each of the opposing
walls 1s a helix vane extending between the outer and inner
walls.

[0027] In one or more embodiments, the 1nlet flow body,
the 1interior tubular body and the outlet flow body each have
a central passage defining a respective centerline longitudi-
nal axis and each of the centerline longitudinal axes extends
colinear with each other one of the centerline longitudinal
axes.

[0028] In one or more embodiments, the inlet flow body
and the outlet flow body each have an upstream end portion
and a downstream end portion; the first end portion of the
material flow modifier 1s attached to the downstream end
portion of inlet flow body; the second end portion of the
material tlow modifier 1s attached to the upstream end
portion of outlet tlow body; a cross-sectional area of the
central passage 1n the downstream portion of the inlet tlow
body 1s greater than a cross-sectional area of the central
passage 1n the upstream portion of the inlet flow body; and
a cross-sectional area of the central passage in the upstream
portion of the outlet tlow body i1s greater than a cross-
sectional area of the central passage in the downstream
portion of the outlet flow body.

[0029] These and other objects, embodiments, advantages
and/or distinctions of the disclosures made herein will
become readily apparent upon further review of the follow-
ing specification, associated drawings and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] This application contains at least one drawing
executed 1n color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Oflice upon request and payment of the necessary fee

[0031] FIG. 1 1s a diagrammatic view showing laminar
flow eflect within a material flow conduat.

[0032] FIG. 2 1s a diagrammatic view showing conversion
from a laminar flow eflect to rotation flow eflect by a
material flow modifier configured 1n accordance with one or
more embodiments of the disclosures made herein.

[0033] FIG. 3 1s a first perspective view of material tlow
modifier configured 1n accordance with one or more embodi-
ments of the disclosures made herein.

[0034] FIG. 4 1s a second perspective view of material
flow modifier shown 1n FIG. 3.

[0035] FIG. 515 across-sectional view taken along the line
5-5 1n FIG. 4.
[0036] FIG. 6 1s an 1nlet end view of the material flow

modifier shown 1n FIG. 3.

[0037] FIG. 7 1s an 1nlet end view of the material flow
modifier shown 1n FIG. 3.

[0038] FIG. 8 1s a cross-sectional view showing a material
flow modifying apparatus configured 1n accordance with one
or more embodiments of the disclosures made herein.

[0039] FIG. 9 1s a color diagrammatic view showing
relative tluid flow velocities for a material flow modifier
configured 1n accordance with one or more embodiments of
the disclosures made herein.
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DETAILED DESCRIPTION

[0040] Embodiments of the disclosures made herein are
directed to material flow modifiers. Such material tlow
modifiers are preferably passive devices that have no parts
that actively move during operation. Rather, these material
flow modifiers preferably operate on the existing tlow veloc-
ity of a pumping system within fluid flow apparatus com-
prising the pumping system. Accordingly, when there 1s flow
velocity 1n the flwmd flow apparatus, a maternial flow modifier
in accordance with the disclosures made herein is preferably
always operational. Utilization of a material flow modifier as
disclosed herein can include 1nserting a material flow modi-
fier inline within an existing pipe structure of a fluid tlow
apparatus or configuring the material flow modifier as a
length of fluid flow conduit. Matenal flow modifiers 1s sized
to be compatible with (e.g., match) tlow rates of the existing
pipe structure.

[0041] As discussed above 1n reference to FIG. 1, con-
ventional flow of tlowable material 5 within the flow pas-
sage 10 of the material flow conduit 15 has a flow profile
characterized by laminar tlow eflect (1.e., laminar flow 20).
However, material flow modifiers in accordance with the
disclosures made herein (e.g., the material flow modifier 1
shown 1n FIG. 2) are advantageously configured in a manner
that causes conventional tlow to be transformed from a flow
profile characterized by laminar tlow eflect to a flow profile
being characterized by rotational tlow eflect 25—1.e., rota-
tional flow sometimes referred to as cyclonic or vortex tlow.
The rotational tlow eflect 1s the result of rotational move-
ment of the flowable matenial 5 about the longitudinal axis
L1 of the material flow conduit 15 as generated by the
material flow modifier 1.

[0042] As a person of ordinary skill 1n the art will under-
stand, rotational flow provides greater average flow velocity
and volumetric flow than laminar flow for a given material
flow conduit (e.g., as depicted 1n FIGS. 1 and 2). Addition-
ally, rotational flow mitigates adverse interaction between
the surface of the material flow conduit and the flowable
material. These advantageous aspects of rotational tlow arise
from the rotational flow profile accelerating and centralizing
flow of the flowable material toward the central portion of
the flow passage 10, thereby mitigating associated adverse
flow conditions (e.g., particulate falling out of suspension)
and amplifying flow magnitude. In this regard, material tlow
modifiers 1 accordance with the disclosures made herein
beneficially provide rotational flow that transports flowable
materials more eflectively and efliciently than 1n conven-
tional piping systems exhibiting laminar flow.

[0043] Referring now to FIGS. 3-7, specific aspects of a
material flow modifier 1n accordance with one or more
embodiments of the disclosures made herein (i.e., material
flow modifier 100) are discussed. The material flow modifier
100 includes an exterior tubular body 102, an interior tubular
body 104 and a plurality of helix vanes 106. The exterior
tubular body 102 has a central passage 108 extending
therethrough and defining a centerline longitudinal axis L2
of the exterior tubular body 102. The central passage 108 of
the exterior tubular body 102 preferably has a generally
round cross-sectional shape.

[0044] The nterior tubular body 104 1s within the central
passage 108 of the exterior tubular body 102. A central
passage 110 of the interior tubular body 104, defined by an
interior surface 111 of the interior tubular body 104, pret-
erably has a generally round cross-sectional shape. A cen-
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terline longitudinal axis .3 of the central passage 110 of the
interior tubular body 104 preferably extends colinearly with
the centerline longitudinal axis L2 of the exterior tubular
body 102 (e.g., a cylindrical wall thereof). The central
passage 110 of the interior tubular body 104 expands along
a length thereof from a smallest cross-sectional area adjacent
a first end portion 112 of the exterior tubular body 102 to a
largest cross-sectional area adjacent a second end portion
114 of the exterior tubular body 102. Preferably, the cross-
sectional area of the central passage 110 of the interior
tubular body 104 expands linearly along a length of the
interior tubular body 104—1.¢., as 1illustrated in FIG. 4 as a
straight-tapered conical structure). In the context of the
disclosures made herein, adjacent preferably means at (e.g.,
at the first end portion) but less preferably adjacent can also
mean near (e.g., near the first end portion). It 1s disclosed
herein that the cross-sectional area of the central passage 110
of the interior tubular body 104 can expand non-linearly
along the length of the interior tubular body 104.

[0045] The plurality of helix vanes 106 are within the
central passage 108 of the exterior tubular body 102. Each
of the helix vanes 106 extends between an interior surface
116 of the exterior tubular body 102 and an exterior surface
118 of the interior tubular body 104. In this manner, a
plurality of helical passages 120 are defined between the
exterior tubular body 102, the interior tubular body 104 and
respective adjacent ones of the helix vanes 106. More
specifically, each of the helical passages 120 extends within
a respective helical passage body 121 that surrounds and
extends along a length of the interior tubular body 104. As
best shown 1 FIGS. 6 and 7, each of the helical passage
bodies 121 has an outer wall (i.e., a respective portion of the
exterior tubular body 102), an mner wall (1.e., a respective
portion of the interior tubular body 104) and opposing sides
walls (1.e., each defined by a respective one of the helix
vanes 106). As best shown 1n FIG. 3, the inner walls of each
helical passage body 121 can be angled off by up to about
12 degrees. This profile aids 1n directing fluid flow 1nto each
helical passage body 121 with minimum resistance. Addi-
tionally, this profile opposes any back wall forces i the
chambers and adds strength to the material flow modifier.

[0046] The helical passage 120 of each of the helical
passage bodies 121 has an inlet 122 adjacent to an inlet 124
of the central passage 110 of the interior tubular body and an
outlet 126 adjacent to an outlet 128 of the central passage
110 of the interior tubular body 104. Preferably, the plurality
of helical passage bodies 121, the exterior tubular body 102
and the interior tubular body 104 are all identically or
approximately the same length to enable the inlet 122 of
cach of the helical passages 120 and the inlet 124 of the
central passage 110 of the interior tubular body 104 entirely
or partially lie 1n a common plane and to enable the outlet
126 of each of the helical passages 120 and the outlet 128 of
the central passage 110 of the interior tubular body 104
entirely or partially lie in a common plane. However, 1t 1s
contemplated herein that the inlet 122 of each of the helical
passages 120 and the inlet 124 of the central passage 110 of
the interior tubular body 104 can entirely or partially lie in
spaced-apart planes and that the outlet 126 of each of the
helical passages 120 and the outlet 128 of the central passage
110 of the interior tubular body 104 can entirely or partially
lie 1n spaced-apart planes.

[0047] FEach of the helical passages 120 tapers along a
respective length thereof from a largest cross-sectional area
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adjacent the first end portion 112 of the exterior tubular body
102 to a smallest cross-sectional area adjacent the second
end portion 114 of the exterior tubular body 102. Preferably,
such taper of the helical passages 120 arises as a result of the
exterior tubular body 102 being cylindrical and having a
generally uniform wall thickness in combination with the
interior tubular body 104 having a generally uniform wall
thickness and having a cross-sectional area that expands
along the length of the interior tubular body 104 from
adjacent the first end portion 112 of the exterior tubular body
102 to adjacent the second end portion 114 of the exterior
tubular body 102. Optionally, for a given uniform outside
diameter of the exterior tubular body 102 and a given
expansion ol the cross-sectional area of the central passage
of the interior tubular body 104, 1t 1s disclosed herein that
such taper of the helical passages 120 can arise entirely or
at least partially as a result of one or more structural
considerations of the following: the thickness of the exterior
tubular body 102 tapering from a first thickness adjacent to
the first end portion 112 of the exterior tubular body 102 to
an increased thickness adjacent to the second end portion
114 of the exterior body 102 and the thickness of the mterior
tubular body 104 tapering from a first thickness adjacent to
the first end portion 112 of the exterior tubular body 102 to
an 1ncreased thickness adjacent to the second end portion

114 of the exterior body 102.

[0048] Referring now to FIG. 8, a maternial tlow modifying
apparatus in accordance with one or more embodiments of
the disclosures made herein (1.e., material flow modifying
apparatus 200) 1s shown. The material flow modifying
apparatus 200 comprises an inlet flow body 205, a material
flow modifier unit 210 and an outlet flow body 215. The
material flow modifier unit 210 has a first end portion 220
attached to the inlet flow body 205 and has a second end
portion 225 attached to the outlet flow body 215. The inlet
flow body 205, the material flow modifier unit 210 and the
outlet tlow body 215 are 1n fluid communication with each
other. In preferred embodiments, the inlet flow body 205, the
housing 210 and the outlet flow body 2135 each have a central
passage with a respective centerline longitudinal axis L4-1L6
and each of the centerline longitudinal axes .4-1.6 extends
colinearly with each other one of the centerline longitudinal

axes 1.4-1.6.

[0049] The material flow modifier unit 210 includes a
material flow modifier 230 and a housing 235. The material
flow modifier 230 1s a material flow modifier 1n accordance
with one or more embodiments of the disclosures made
herein. To this end, the material flow modifier 230 can have
an overall construction and functionality similar to that the
material flow modifier 100 discussed above 1n reference to

FIGS. 3-7.

[0050] The matenial flow modifier 230 can be engaged
within a central passage 240 (1.e., an interior space) of the
housing 235. Engagement of the material flow modifier 230
within the central passage 240 of the housing 2335 enables
the housing to carry all or a portion of the structural load
(e.g., racdial stress and strain) arising from the flow of
pressurized fluid though the material flow modifier unit 210.
As shown, 1n one or more embodiments, the housing 230 1s
of a cylindrical construction (e.g., a length of pipe or tubing).
In other embodiments, the housing 230 can be of a non-
tubular cylindrical construction—e.g., a housing with a
non-round central passage where one or more mating sur-
faces of the material flow modifier 230 engage one or more
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surfaces of the non-round central passage to limit unre-
stricted rotational movement therebetween. One or more
outside dimensions of the maternial flow modifier 230 (e.g.,
an outside dimension D) can be configured for enabling the
material flow modifier 230 to be posmoned within the
central passage 240 of the housing 235 1n a manner that
limits radial translation, pivotal translation or a combination
thereof.

[0051] The matenal flow modifier 230 can include a flange
245 at the first end portion 220 to engage a mating surface
of the housing 235 (e.g., an end face 250 thereof) for limiting
unrestricted axial movement therebetween. In preferred
embodiments, a height H of the flange 245 1s approximately
the same as a height of the mating surface of the housing 235
(e.g., wall thickness T). In one or more other embodiments,
a securement device can be used for limiting unrestricted
axial and/or rotational movement between the material tlow
modifier 230 and the housing 235——¢.g., a welded interface,
an adhesive iterface, a circular-clip in a groove, a threaded
fastener engaged in a threaded hole, a threaded fastener
extending through an aperture and engaged i1n a threaded

hole, and the like.

[0052] It 1s disclosed herein that, 1n one or more embodi-
ments, the housing 235 of the material flow modifier unit
210 can be omitted, whereby the inlet tflow body 205 and the
outlet flow body 215 can be attached directly to opposing
end portions of the material flow modifier 230. Such omis-
sion of the housing 235 can require a specific configuration
of certain structural aspects of the material flow modifier
230 to be taken into consideration. One such consideration
1s a thickness of an outer wall 232A of the material tlow
modifier 230 being ol a suitable strength for contaiming
pressure within the material flow modifier 230. Another such
consideration 1s removing the tlange 245 to eliminate any

adverse/undesirable interference between the flange 2435 and
the 1nlet flow body 205.

[0053] In one or more embodiments, as shown, the inlet
flow body 205 and the outlet flow body 215 each have an
upstream end portion 205A, 215A, respectively, and a
downstream end portion 2058, 215B, respectively. The first
end portion 220 of the material flow modifier 230 1s attached
to the downstream end portion 205B of inlet flow body 205
and the second end portion 225 of the material flow modifier
230 1s attached to the upstream end portion 215A of outlet
flow body 2135. A cross-sectional area of the central passage
in the downstream portion 2058 of the inlet flow body 2035
1s greater than a cross-sectional area of the central passage
in the upstream portion 205A of the mlet flow body 205. A
cross-sectional area of the central passage in the upstream
portion 215A of the outlet flow body 215 1s greater than a
cross-sectional area of the central passage 1n the downstream
portion 215B of the outlet tflow body 215. In view of the total
material flow areas of the material flow modifier 230, this
cross sectional area profile of the inlet flow body 2035
advantageously enables pressure reduction at the 1nlet of the
helix passages and central aperture of the material flow
modifier 230, enables tlow volume to be maintained through
the helix passages and central aperture of the matenial flow

modifier 230, and enables 1ncreases tlow velocity through
the material flow modifier 230.

[0054] Turning now to a method of making a material flow
modifier apparatus 1n accordance with the disclosures made
herein, 1n one or more embodiments, a material flow modi-

fier 1n accordance with the disclosures made herein (e.g., the
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material flow modifier 230 of FIG. 8) 1s provided. Next, the
material flow modifier 1s inserted 1nto a central passage of a
material flow modifier housing (1.e., the housing 235 of FIG.
8) and 1s fixedly engaged therewith to limit at least one of
unrestricted axial movement, radial movement, pivotal
movement and axial movement. Next, an inlet flow body
(1.e., the mlet flow body 205 of FIG. 8) 1s attached to a first
end portion of the housing and an outlet tlow body (1.¢., the
outlet tflow body 215 of FIG. 8) 1s attached to a second end
portion of the housing. The ilet flow body and the outlet
flow body can each be secured to the housing by means such
as, for example, mechanical means (e.g., a flange or shoulder
on the material flow modifier, or the like), thermal means
(e.g., heat staking, laser joining or the like), metal deposition
means (e.g., welding or the like), threaded fastener means
(e.g., bolt, screw or the like), adhesive means and/or the like.

[0055] In operation, pressurized material flow (e.g., par-
ticulate-filled fluid) at the first end portion of a material flow
modifier in accordance with one or more embodiments of
the disclosures made herein causes a continuous rotational
(1.e., vortex) tlow of such fluid flow at the downstream side
(1.e., outlet) of the matenial tlow modifier. At the inlet region
of the material flow modifier, material flow 1s restricted
through the central passage of the interior tubular body. This
material flow restriction forces a portion of the material flow
into the helical passages and a remaining portion enters the
interior tubular body. The portion of the material tlow
passing through the helical passages whereby a rotational
flow around the centerline longitudinal axis of the interior
tubular body 1s generated. As the portion of the material flow
passes through the central passage of the interior tubular
body, 1t becomes less restricted thereby allowing the mate-
rial flow exiting the helical passages to control and trans-
form the matenial flow exiting the central passage of the
interior tubular body. At the outlet of the helical passages,
this rotational material flow from the helical passages
merges with material flow from the central passage of the
interior tubular body. Merging of these maternial streams
creates a harmonious rotational flow 1 which pipeline
pressure 1s decreased so as to create pipeline fluid accelera-
tion, to evenly distribute suspended particles into the mate-
rial flow modifier and to keep suspended particles from
dropping out of suspension to cause restricted material flow
downstream of the material flow modifier.

[0056] Because each stream of material flowing from
within the plurality of material flow passages are propor-
tional, the greatest rotational spin 1s achieved downstream
from the matenial flow modifier. Surface and fluid friction
causes the rotational tlow to decrease over time and distance
(1.e., to decay), which can be oflset by utilization of multiple
in-line, spaced-apart material flow modifiers. Additionally, a
skilled person will understand that flowable material being
forcibly urged through the helical passages, which are all
tapered, creates a venturi eflect. This ventun eflect decreases
pressure at the outlet of the material flow modifier. With the
pressure decreased, tluid acceleration 1s created. With less
pressure 1n the material flow system, a pump of the system
can operate more efliciently (e.g., using less energy). More-
over, suspended particles 1n the flowable material will more
readily remain 1n suspension, thereby reducing blockages in
maternial flow conduits (e.g., pipes, pipelines and tubes).

[0057] In a material flow modifier 1n accordance with one
or more embodiments of the disclosures made herein, the

greatest fluid acceleration 1s at the point where material tlow
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exiting the helical passages to control and transform the
material flow exiting the central passage of the interior
tubular body. The balance of this material flow motion 1s a
siphoning action and a vector at the inlet of the matenal tlow
modifier. As illustrated 1n FIG. 9, the matenial’s velocity at
the 1nlet point in the central passage of the iterior tubular
body 1s momentarily increased, but 1s fully diminished at
about the half-way point of the interior tubular body. This 1s
at the reference point where the velocity begins substantial
increase within the helical passages and sustains this veloc-
ity increase to the exit of the helical passages. This reference
point 1s variable and floats ofl center as pumping tflows are
increased or lowered. Moreover the structural configuration
ol the matenal flow modifier results 1n a draft over 1ts entire
inlet area thereby generating a siphoning eflect upstream of
the material flow modifier. This upstream siphoning effect
creates a vector at the inlet of the matenal flow modifier
starting the first step 1in changing the tlow from parabolic to
rotational.

[0058] Material flow modifiers 1n accordance with the
disclosures made herein have a plurality of flow modifica-
tion variables that can influence the manner in which they
modity fluid flow. These variables include, but are not
limited to, number of helical passages, total angular wrap of
helical passages along the length of the material flow
modifier, ratio of total flow inlet area of the helical passages
to the total flow inlet area (1.e., area of helical passages and
interior tubular body), ratio of total flow outlet area of the
helical passages to the total flow outlet area (1.e., area of
helical passages and interior tubular body), total tlow inlet
area, total flow outlet area, spacing of the helical passages
(e.g., equally spaces vs. unequally spaced), mode of cross-
sectional area transition for the central passage of the
interior tubular body (e.g., linearly vs. non-linearly), mode
ol cross-sectional area transition for the helical passages
(e.g., linearly vs. non-linearly). To achieve a desired flow
modification characteristic, one or more of these flow modi-
fication variables can be altered to achieve the desired tlow
modification.

[0059] In one or more embodiments of a material flow
modifier 1n accordance with the disclosures made herein, the
following flow modification varnables are prescribed:
equally-spaced helical passages and passageways; the total
cross-sectional 1nlet area of all of the helical passages 1s up
to 80% of the total inlet area; the total cross-sectional outlet
area of all of the helical passages 1s about 20% of the total
inlet area; the cross-sectional area of each helical passage at
any given axial location of the material flow modifier over
its linear length are all equal; and over the length of the
material flow modifier, each helical passage has about a
250-degrees to 290-degree scroll and, preferably, about
2’70-degrees. A given reduction in helical passage cross-
sectional area in combination with a given count of scroll
contributes to determination of a length of a matenal tlow
modifier. In one or more other embodiments, the total
cross-sectional 1nlet area of all of the helical passages 1s up
to 60% of the total inlet area and the total cross-sectional
outlet area of all of the helical passages 1s about 30% of the
total inlet area. In one or more other embodiments, the total
cross-sectional inlet area of all of the helical passages is
between 60%-80% of the total mlet area and the total
cross-sectional outlet area of all of the helical passages 1s
between 20%-30% of the total inlet area. In still one or more
other embodiments, the total cross-sectional inlet area of all
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of the helical passages 1s between 50%-70% of the total inlet
arca and the total cross-sectional outlet area of all of the
helical passages 1s between 30%-40% of the total inlet area.

[0060] Material flow modifiers 1n accordance with
embodiments of the disclosures made herein are useful with
all types of piping requirements such as, for example,
chemical, heavy slurry, concrete pumping devices, sewage,
and FDA food grade transier systems. Material flow modi-
flers 1n accordance with embodiments of the disclosures
made herein can be of a one-piece construction. Material
flow modifiers 1n accordance with embodiments of the
disclosures made herein can be of a multi-piece construc-
tion. Material tflow modifiers in accordance with embodi-
ments of the disclosures made herein can be fabricated
utilizing various known and yet to be discovered materials
and fabrication techniques. Examples of useful material
classes include, but are not limited to, metallic material (e.g.,
metal alloys such as stainless steel), concrete (1.e., a cement-
based material), and polymeric materials (e.g., plastics such
as ABS or nylon). Examples of useful fabrication techniques
include, but are not limited to, casting, forging, welding and
the like for metallic materials and casting, molding, 3-D
printing and the like for polymeric materials.

[0061] Discussed now are various advantageous aspects of
material flow modifiers 1n accordance with embodiments of
the disclosures made herein. One such advantageous aspect
1s that the incorporation of the helical passage bodies and
central passage of the interior tubular body, which provide
for rotational flow. Each of the helical passages uses the
kinetic energy (i.e., energy from motion) and the flow’s
velocity to generate several stream vanes of material flow
(1.e., helical flow streams) that unite at and beyond the outlet
of the material flow modifier with each other and with the
matenal flow of the central passage of the interior tubular
body. These material flows can be focused by an outlet flow
body of a material tflow modifying apparatus. Beneficially,
the outlet flow body enhances rotational flow and distributes
an even (1.¢., balanced) rotational flow profile about the
centerline of the material tlow modifier. Advantageously,
inner sidewall conditions of material flow conduit (e.g.,
pipeline) downstream ol a material flow modifier has a
negligible effect on the rotational flow. Although there 1s a
great deal of energy loss from a fluid going through certain
disruptive material flow attributes of material tlow conduits
(e.g., a valve, fitting, or turbulence created going from
passing fluid from one pipe size to another), rotational flow
mitigates energy loss from these disruptive material flow
attributes of material flow conduits by providing for con-
centration of material flow along the centerline of material
flow conduit downstream of the material flow modifier
thereby reducing sidewall drag and flow resistance.

[0062] Another advantageous aspect of material tlow
modifiers 1n accordance with one or more embodiments of
the disclosures made herein 1s providing for “back-flow
restriction”. With such a back-flow restriction, 1t there 1s
ever a back-flow surge 1n a system comprising one or more
material flow modifiers 1n accordance with one or more
embodiments of the disclosures made herein, the material
flow modifier serves to reduce the back-tflow (i.e., flow 1n the
upstream direction) as compared to the material flow modi-
fier being absent. Such soft reverse flow beneficially does
not fully imnhibit back-flow, which would create a shock wave
(1.e., often referred to as a “water-hammer”) that 1s harmiul
to the structures of the material flow conduit, and to the
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pumping devices. In a gravity tlow system, this soit reverse
flow 1s especially beneficial where tide water or flooding
could reverse flow 1n a conventional pipeline system. More
specifically, 1n a reverse flow scenario, flowable material
enters the helical passages from the flow mixer and then
dissipates into the ‘funnel’ of the interior tubular body,
which creates a controlled tlow blockage (1.e., controlled
tunnel flow). In this regard, soft reverse tlow 1s enabled by
inclusion of material flow passages defined between the
exterior tubular body and the interior tubular body and by
the Tunnel-shape of the iterior tubular body 1tself.

[0063] Although the invention has been described with
reference to several exemplary embodiments, 1t 1s under-
stood that the words that have been used are words of
description and 1llustration, rather than words of limitation.
Changes may be made within the purview of the appended
claims, as presently stated and as amended, without depart-
ing from the scope and spirit of the mmvention 1n all 1ts
aspects. Although the mmvention has been described with
reference to particular means, materials and embodiments,
the invention 1s not itended to be limited to the particulars
disclosed; rather, the invention extends to all functionally
equivalent technologies, structures, methods and uses such
as are within the scope of the appended claims.

What 1s claimed 1s:
1. A material flow modifier, comprising;:

an 1nterior tubular body having an interior surface and an
exterior surface, wherein the interior surface defines a
central passage of the interior tubular body and wherein
the central passage of the interior tubular body expands
along a length thereof from a first cross-sectional area
adjacent an 1inlet thereof to a second cross-sectional
arca adjacent an outlet thereof larger than the first
cross-sectional area; and

a plurality of passage bodies each having opposing side
walls, an outer wall and an inner wall jointly defining
a passage therebetween, wherein each of the passage
bodies extends in a helical manner at least partially
around and along the interior tubular body, wherein
cach of the helical passages extends at least partially
along a length of the respective one of the helical
passage bodies, wherein the helical passage of each of
the helical passage bodies has an inlet adjacent to the
inlet of the interior tubular body and an outlet at a
terminal end thereof adjacent to an outlet of the interior
tubular body, wherein the cross-sectional area of the
outlet of each helical passage 1s bound by the opposing
side walls thereol, the outer wall thereof and the 1nner
wall thereof to thereby allow material tlow through the
outlet of each helical passage to merge with material
flow from the outlet of the interior tubular body and
wherein the outer wall of each of the helical passage
bodies jointly define a generally cylindrical exterior
tubular body.

2. The material flow modifier of claim 1 wherein the
central passage of the interior tubular body has a generally
round cross-sectional shape.

3. The material flow modifier of claim 2 wherein the
cross-sectional area of the central passage of the interior
tubular body expands linearly along the length thereof
between the inlet and outlets of the interior tubular body.

4. The material flow modifier of claim 3 wherein at least
one of:
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an upstream end face of each of the helical passage bodies
and an upstream end face of the interior tubular body all
lie 1n a common plane; and

a downstream end face of each of the helical passage

bodies and a downstream end face of the interior
tubular body all lie in a common plane.

5. The material flow modifier of claim 1 wherein the
cross-sectional area of the central passage of the interior
tubular body expands linearly along the length thereof
between the inlet and outlets of the interior tubular body.

6. The material tlow modifier of claim 1 wherein at least
one of:

an upstream end face of each of the helical passage bodies

and an upstream end face of the interior tubular body all
lie 1n a common plane; and

a downstream end face of each of the helical passage

bodies and a downstream end face of the interior
tubular body all lie 1n a common plane.

7. The matenal flow modifier of claam 1 wherein:

the exterior wall of all of the helical passage bodies have
a uniform wall thickness along a length thereof; and

a centerline longitudinal axis of the central passage of the
interior tubular body extends colinearly with a center-
line longitudinal axis of the generally cylindrical exte-
rior tubular body jointly defined by the outer wall of
cach of the helical passage bodies.

8. The matenal flow modifier of claim 1 wherein:

the mner wall of each of the helical passage bodies 1s a
respective portion of a wall defining the interior tubular
body; and

cach of said opposing walls 1s a helix vane.

9. The matenal flow modifier of claaim 8 wherein:

the exterior wall of all of the helical passage bodies have
a uniform wall thickness along a length thereof; and

a centerline longitudinal axis of the central passage of the
interior tubular body extends colinearly with a center-
line longitudinal axis of the generally cylindrical exte-
rior tubular body jointly defined by the outer wall of
cach of the helical passage bodies.

10. The material flow modifier of claim 9 wherein:

the cross-sectional area of the central passage of the
interior tubular body expands linearly along the length
thereolf between the ilet and outlets of the interior
tubular body; and

the central passage of the interior tubular body has a
generally round cross-sectional shape.

11. The material flow modifier of claim 9 wherein at least
one of:

an upstream end face of each of the helical passage bodies
and an upstream end face of the interior tubular body all
lie 1n a common plane; and

a downstream end face of each of the helical passage
bodies and a downstream end face of the interior
tubular body all lie in a common plane.

12. The material flow modifier of claim 11 wherein the
cross-sectional area of the central passage of the interior
tubular body expands linearly along the length thereof
between the inlet and outlets of the interior tubular body.

13. The material flow modifier of claim 1 wherein:

the cross-sectional area of the central passage of the
interior tubular body expands linearly along the length
thereolf between the inlet and outlets of the interior
tubular body;
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the central passage of the interior tubular body has a
generally round cross-sectional shape,

the mner wall of each of the helical passage bodies 1s a
respective portion of a wall defining the interior tubular

body; and
cach of said opposing walls 1s a helix vane.

14. The material flow modifier of claim 13 wherein at
least one of:

an upstream end face of each of the helical passage bodies
and an upstream end face of the interior tubular body all
lie 1n a common plane; and

a downstream end face of each of the helical passage
bodies and a downstream end face of the interior
tubular body all lie 1n a common plane.

15. A matenal flow modifier, comprising:

an exterior tubular body having a generally cylindrical
cross-sectional shape, wherein a central passage of the
exterior tubular body extends therethrough and defines
a centerline longitudinal axis thereof;

an interior tubular body within the central passage of the
exterior tubular body, wherein a central passage of the
interior tubular body has an 1nlet adjacent an upstream
end portion of the exterior tubular body and an outlet
adjacent a downstream end portion of the exterior
tubular body, wherein a centerline longitudinal axis of
the central passage of the interior tubular body extends
colinearly with the centerline longitudinal axis of the
exterior tubular body and wherein the central passage
of the interior tubular body expands along a length
thereof from a first cross-sectional area adjacent a first
end portion thereol to a second cross-sectional area
adjacent a second end portion thereotf larger than the
first cross-sectional area; and

a plurality of vanes each extending in a helical manner at
least partially along a length of the exterior tubular
body between an interior surface of the exterior tubular
body and an exterior surface of the interior tubular
body thereby defining a plurality of helical passages
between the exterior tubular body, the interior tubular
body and respective adjacent ones of the wvanes,
wherein each helical passage has an inlet adjacent to
the upstream end portion of the exterior tubular body
and an outlet at a terminal end thereof adjacent to the
downstream end portion of the exterior tubular body
and wherein the cross-sectional area of the outlet of
cach helical passage 1s bound by a respective portion of
the exterior tubular body, a respective portion of the
interior tubular body and the respective adjacent ones
of the vanes to thereby allow material flow through the
outlet of each helical passage to merge with material
flow from the outlet of the interior tubular body.

16. The material flow modifier of claim 15 wherein the
cross-sectional area of the central passage of the interior
tubular body expands linearly between opposing end por-
tions of the interior tubular body.

17. The maternial flow modifier of claim 15 wherein at
least one of:

an upstream end face of the exterior tubular body, an
upstream end face of each helix vane and an upstream
end face of the interior tubular body all lie 1n a common
plane; and
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a downstream end face of the exterior tubular body, a
downstream end face of each helix vane and a down-
stream end face of the interior tubular body all lie 1n a
common plane.

18. The material flow modifier of claim 15 wherein:

cach of the helical passages 1s partially defined by an outer
wall; and

the outer wall of each of the helical passages 1s a respec-
tive portion of the exterior tubular body.

19. The material flow modifier of claim 15 wherein:

cach of the helical passages 1s partially defined by an 1nner
wall; and

the 1nner wall of each of the helical passages 1s a respec-
tive portion of the interior tubular body.

20. The material flow modifier of claim 19 wherein the
cross-sectional area of the central passage of the interior
tubular body expands linearly between opposing end por-
tions of the interior tubular body.

21. The material flow modifier of claim 20 wherein:

cach of the helical passages 1s partially defined by an outer
wall;

the outer wall of each of the helical passages 1s a respec-
tive portion of the exterior tubular body; and

the outer wall of all of the helical passages 1s curved and
has a uniform wall thickness along a length thereof.

22. The matenial flow modifier of claim 21 wherein at
least one of:

an upstream end face of the exterior tubular body, an
upstream end face of each helix vane and an upstream
end face of the interior tubular body all lie 1n a common
plane; and

a downstream end face of the exterior tubular body, a
downstream end face of each helix vane and a down-
stream end face of the interior tubular body all lie 1n a
common plane.

23. A matenial flow modilying apparatus, comprising:

an inlet flow body;

a material flow modifier having a first end portion thereof
attached to the inlet flow body, wherein the material
flow modifier comprises an exterior tubular body, an
interior tubular body and a plurality of vanes, the
exterior tubular body has a generally cylindrical cross-
sectional shape, wherein a central passage of the exte-
rior tubular body extends therethrough and defines a
centerline longitudinal axis thereof, wherein the inte-
rior tubular body 1s within the central passage of the
exterior tubular body, wherein a central passage of the
interior tubular body has an 1nlet adjacent an upstream
end portion of the exterior tubular body and an outlet
adjacent a downstream end portion of the exterior
tubular body, wherein a centerline longitudinal axis of
the central passage of the interior tubular body extends
colinearly with the centerline longitudinal axis of the
exterior tubular body and wherein the central passage
of the interior tubular body expands along a length
thereol from a first cross-sectional area adjacent a first
end portion thereol to a second cross-sectional area
adjacent a second end portion thereof larger than the
first cross-sectional area, wherein each of the vanes
extend 1n a helical manner at least partially along a
length of the exterior tubular body between an interior
surface of the exterior tubular body and an exterior
surface of the interior tubular body thereby defining a
plurality of helical passages between the exterior tubu-
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lar body, the interior tubular body and respective adja-
cent ones of the vanes, wherein each helical passage
has an inlet adjacent to the upstream end portion of the
exterior tubular body and an outlet at a terminal end
thereol adjacent to the downstream end portion of the
exterior tubular body and wherein the cross-sectional
area of the outlet of each helical passage 1s bound by a
respective portion of the exterior tubular body, a
respective portion of the interior tubular body and the
respective adjacent ones of the vanes to thereby allow
material flow through the outlet of each helical passage
to merge with material flow from the outlet of the
interior tubular body; and

an outlet tlow body attached to a second end portion of the
material flow modifier.

24. The matenal flow modifying apparatus of claim 23

wherein:

the inlet flow body, the interior tubular body and the outlet
flow body each have a central passage defining a
respective centerline longitudinal axis; and

cach of said centerline longitudinal axes extends colinear
with each other one of said centerline longitudinal axes.

25. The material flow modifying apparatus of claim 23

wherein:

the 1nlet flow body and the outlet flow body each have an
upstream end portion and a downstream end portion;

the first end portion of the material flow modifier 1s
attached to the downstream end portion of inlet flow
body;

the second end portion of the material flow modifier 1s
attached to the upstream end portion of outlet flow
body;

a cross-sectional area of the central passage in the down-
stream portion of the inlet flow body 1s greater than a
cross-sectional area of the central passage 1n the
upstream portion of the inlet flow body; and

a cross-sectional area of the central passage in the
upstream portion of the outlet tlow body 1s greater than
a cross-sectional area of the central passage in the
downstream portion of the outlet flow body.
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26. The material flow modifying apparatus of claim 25
wherein:

the 1nlet flow body, the interior tubular body and the outlet
flow body each have a centerline longitudinal axis; and
cach of said centerline longitudinal axes extends colinear
with each other one of said centerline longitudinal axes.
27. The material flow moditying apparatus of claim 23
wherein the cross-sectional area of the central passage of the
interior tubular body expands linearly along the length
thereol between the inlet and outlets of the mterior tubular
body.
28. The material flow moditying apparatus of claim 23
wherein at least one of:
an upstream end face of each of the helical passage bodies
and an upstream end face of the interior tubular body all
lie 1n a common plane; and
a downstream end face of each of the helical passage
bodies and a downstream end face of the interior
tubular body all lie 1n a common plane.
29. The material flow moditying apparatus of claim 23
wherein:
an outer wall of each of the helical passage bodies 1s
curved;
said curved outer wall of all of the helical passage bodies
have a uniform wall thickness along a length thereof;
and
a centerline longitudinal axis of the central passage of the
interior tubular body extends colinearly with a center-
line longitudinal axis of said curved outer wall of all of
the helical passage bodies.
30. The material flow moditying apparatus of claim 23
wherein:
cach of the helical passage bodies has an outer wall, an
inner wall and opposing sides walls;
the mner wall of each of the helical passage bodies 1s a
respective portion of a wall defining the interior tubular
body; and
cach of said opposing walls 1s a helix vane extending
between the outer and mner walls.
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