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(57) ABSTRACT

Fluid flow enhancing devices disclosed herein are adapted to
enhance flow of fluid through subsurface watershed con-
duits, for example, culverts, drainpipe and the like. Such
fluid flow enhancing devices advantageously enhance water-
shed runofl functionality in subsurface watershed conduits
by altering watershed flow from a parabolic flow pattern to
a rotational flow pattern while still accommodating fish
passage requirements. This change in flow pattern benefi-
cially provides turbulence that disrupts and flushes debris
out of the subsurface watershed conduits. This disruption
and flushing establishes a passive cleaning functionality
within the subsurface watershed conduits that serves to clean
the subsurface watershed conduits after suitable upstream
water delivery event (e.g., heavy rain, controlled water
release, etc.). In doing so, these fluid flow enhancing devices
overcome one or more shortcomings associated with sub-
surface watershed conduits in a manner that overcomes
drawbacks associated with conventional design and in-use
considerations for such subsurface watershed conduits.
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FLUID FLOW ENHANCING DEVICE AND
CULVERT COMPRISING SAMEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This continuation patent application claims priority

from co-pending U.S. Non-Provisional Patent Application
having Serial. No. 16/878,252, filed 19 May 2020, entitled

“FLUID FLOW ENHANCING DEVICE AND CULVERT
COMPRISING SAME”, having a common applicant here-
with and being incorporated herein 1n 1ts entirety by refer-
ence.

FIELD OF THE DISCLOSURE

[0002] The disclosures made herein relate generally to
subsurface watershed conduits and, more particularly, to
fluid tlow enhancing devices adapted to enhance tlow of
fluid through subsurface watershed conduits and the like.

BACKGROUND

[0003] A culvert 1s well known to be a subsurface water-
shed conduit that allows water to flow under a road, railroad,
trall or similar obstruction. Culverts and other types of
subsurface conduit are known to be made 1n the form of, for
example, corrugated steel pipe, concrete pipe, passage-
defining concrete body and other materials. Typically, cul-
verts 1n the form of pipe have their exterior surfaces(s)
surrounded by soil, aggregate, concrete or a combination
thereot. Culverts are also known to have a fluid flow passage
that 1s circular, arched, elliptical of the like.

[0004] It 1s well known that culverts become a flow
restriction 1n controlled flows when they reach approxi-
mately 98% of their flow capacity, as indicated by the
Manning flow formula for gravity flow stream conditions.
This flow formula 1s highly accurate for open culvert tlow
conditions—e.g., less than about 98% flow capacity with
watershed water flowing as a stream through the culvert.
However, once a culvert reaches 98% of its flow capacity, 1t
1s now considered an enclosed flow structure. As an enclosed
flow structure, the culvert exhibits a “Parabolic” flow con-
dition 1n which fluid flow 1s restricted and the culvert tlow
rate 1s at 1its maximum. When the upstream watershed flow
rate 1s greater than the culvert’s maximum flow rate, tflood-
ing occurs behind (i.e., upstream) and around the culvert. In
cold weather environments, freezing conditions can cause
turther tlow restrictions and tlooding.

[0005] Additionally, as watershed runofl collects 1nto a
watershed collection structure such as a ditch, French drain,
storm basin or the like, debris such as soil, sediment, leaves,
branches, garbage, and other solids accumulates in the
watershed collection structure. During a suitable watershed
runofl event, debris picked up and carried by watershed
runofl water in the watershed collection structure gains
speed 1n the runofl water. This flow action often results 1n
debris from the watershed collection structure becoming
deposited into a downstream culvert or culverts. As this
process 1s repeated continually during successive watershed
runoil events, the deposition of debris 1n a culvert often
causes flow within a culvert to become increasingly
restricted. The restriction increases the likelihood of flood-
ing by decreasing available tlow capacity through the culvert
and, thus, correspondingly decreases the degree of upstream
drainage of watershed which often results 1n tlooding.
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[0006] To mitigate adverse impact on the environment,
culverts are required by certain jurisdictions and authorities
to meet various watershed runofl specifications and other
design considerations. For example, various design criteria
of culvert systems are outlined 1n Urban Drainage Design
Manual, Hydraulic Engineering Circular No. 22 (HEC-22)
issued by the U.S. Department of Transportation Federal
Highway Administration (FHWA) as publication no.
FHWA-NHI-10-009 1n September of 2009 (updated 1in
August of 2013). This design manual provides a compre-
hensive and practical guide for culverts and storm water
systems which collect, convey and discharge storm water
flowing along all highway rights-of-way. An example of an
important design consideration in this design manual are the
fish passage requirements, which dimensionally characterize
an unrestricted flow area within the culvert for allowing
cllicient and safe passage of wildlife through the culvert
such as to mitigate negative impact of stream function that
adversely impacts fish spawning and rearing.

[0007] Therefore, fluid flow enhancing devices adapted to
enhance tlow of fluid through subsurface watershed conduits
(e.g., culverts) mn a manner that overcomes drawbacks
associated with conventional design and in-use consider-
ations for subsurface watershed conduits would be advan-
tageous, desirable and useful.

SUMMARY OF THE DISCLOSURE

[0008] Embodiments of the disclosures made herein are
directed to tluid flow enhancing devices adapted to enhance
(e.g., amplity) flow of fluid through subsurface watershed
conduits. More specifically, fluid flow enhancing devices 1n
accordance with one or more embodiments of the disclo-
sures made herein are adapted to enhance watershed runofl
functionality 1n culverts. Such fluid flow enhancing devices
provide enhance watershed runofl functionality 1n culverts
while still accommodating fish passage requirements. In
doing so, embodiments of the present invention advanta-
geously overcome one or more shortcomings associated
with culverts 1n a manner that overcomes drawbacks asso-
ciated with conventional design and in-use considerations
for culverts and other suitable types of subsurface watershed
conduits.

[0009] Flwd flow enhancing devices in accordance with
embodiments of the disclosures made herein are stationary
apparatuses, which have no moving parts and which are
typically installed upstream of a culvert and other suitable
type of subsurface watershed conduit. These fluid flow
enhancing devices modily the flow characteristics (e.g.,
current pattern) of the watershed runofl water (or other
source of water—e.g., industrial water source) being
directed into a culvert (or other similar types of subsurface
watershed conduit), particularly when the flow reaches high
flood levels. As watershed runoil water rises to these high
flood levels, a fluid flow enhancing device in accordance
with embodiments of the disclosures made herein causes the
water’s tlow pattern to transform from a parabolic flow
condition to a rotational flow condition that generally rotates
about a centerline axis of the fluid flow apparatus or an axis
extending parallel with the centerline axis of the fluid tlow
apparatus. Advantageously, this change 1n flow pattern
amplifies that tlow through the culvert and results in the
culvert having a greater flow capacity. This greater tlow
capacity serves to eliminate back-pooling and flooding
upstream of the fluid flow apparatus. Additionally, this
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change in flow pattern beneficially disrupts and flushes
debris out of the culvert such as by creating turbulent fluid
flow, off-axis fluild flow or a combination thereof. This
disruption and flushing establishes a passive cleaning func-
tionality within the culvert that serves to clean the culvert
after suitable upstream water delivery event (e.g., heavy
rain, controlled water release, etc.).

[0010] In one embodiment of the present invention, a fluid
flow enhancing device comprises a fluid flow body and a
plurality of semi-helical flow control bodies. The fluid flow
body has a fluid flow 1nlet at a first end portion, a tluid flow
outlet at a second end portion and a fluid flow passage
extending between and in fluud communication with the fluid
flow 1nlet and the flmd flow outlet. The plurality of semi-
helical flow control bodies each have a helical length less
than 360 degrees such that opposing end portions of each of
the semi-helical flow control bodies are laterally and axially
spaced apart from each other to define a perimeter opening
therebetween. Each of the semi-helical tlow control bodies
are attached to an interior surface of the fluid flow body
within the fluid flow passage thereof. The perimeter opening,
of each of the semi-helical flow control bodies 1s at least
partially aligned with the perimeter opening of each adjacent
one of the semi-helical tflow control bodies such that the
perimeter openings of the semi-helical flow control bodies
jointly define a wildlife passage extending between the fluid
flow mlet and fluid flow outlet of the fluid flow body along
the 1nterior surface of the fluid flow body.

[0011] In another embodiment of the present invention, a
fluid tflow enhancing device comprises a fluid tlow body and
a plurality of flow diverters. Embodiments of such flow
diverters include semi-helical flow control bodies. The flmd
flow body has a fluid flow 1nlet at a first end portion, a fluid
flow outlet at a second end portion and a fluid flow passage
extending between and in fluid communication with the fluid
flow 1nlet and the fluid flow outlet. The fluid flow body 1s
cylindrically-shaped. Opposing end portions of the cylindri-
cally-shaped fluid tlow body each define a respective one of
the fluid flow 1let and the fluid tlow outlet. The plurality of
flow diverters are each attached to an interior surface of the
fluid flow body within the flmd tlow passage thereof. Each
of the tlow diverters extends partially around a centerline
axis of the fluid flow passage 1n a helical manner such that
opposing end portions of each of the tlow diverters are
laterally and axially spaced apart from each other to define
a perimeter opening therebetween. The perimeter opening of
cach of the flow diverters 1s generally aligned with the
perimeter opening of each adjacent one of the flow diverters
such that the perimeter openings of the tlow diverters jointly
define a wildlife passage extending between the fluid tlow
inlet and fluid flow outlet of the fluid flow body along the
interior surface of the fluid flow body, that provides for the
legally required wildlife passage through an existing fluid
flow conduit such as, for example, a culvert.

[0012] In another embodiment of the present invention, a
method of making a fluid flow enhancing device comprises
the steps of providing a fluid flow body, providing a plurality
of semi-helical flow control bodies, and attaching each of the
semi-helical flow control bodies to an interior surface of the
fluid flow body within a fluid flow passage thereot. The fluid
flow body has a fluid flow inlet at a first end portion and a
fluid tlow outlet at a second end portion. The fluid tlow
passage extends between and in fluid communication with
the fluid flow 1nlet and the fluid tlow outlet. The plurality of
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semi-helical flow control bodies each have a helical length
less than 360 degrees such that opposing end portions of
cach of the semi-helical flow control bodies are laterally and
axially spaced apart from each other to define a perimeter
opening therebetween. Attaching each of the semi-helical
flow control bodies to the interior surface of the fluid tlow
body includes rotationally orienting each of the semi-helical
flow control bodies for causing the perimeter opening of
cach of the semi-helical flow control bodies to be at least
partially aligned with the perimeter opening of each adjacent
one of the semi-helical flow control bodies such that the
perimeter openings of the semi-helical flow control bodies
jointly define a wildlife passage extending between the tfluid
flow 1nlet and fluid flow outlet of the fluid tlow body along
the 1nterior surface of the flud flow body.

[0013] In one or more embodiments, each of the flow
diverters has a central axis therecol extending generally
colinear with a centerline axis of the fluid flow passage.

[0014] In one or more embodiments, a width of the
perimeter opening ol each of the flow diverters 1s generally
the same.

[0015] In one or more embodiments, the perimeter open-
ing of each of the tlow diverters 1s generally aligned with the
perimeter opening ol each adjacent one of the flow diverters.

[0016] In one or more embodiments, the fluid flow pas-

sage extends generally straight between the fluid flow nlet
and the fluid flow outlet.

[0017] In one or more embodiments, a lower edge portion
of the opposing end portions of each of the tlow diverters 1s
located at a position below a transverse axis extending
through a centerline axis of the fluid flow passage.

[0018] In one or more embodiments, the fluid tlow body is
cylindrically-shaped and opposing end portions of the cylin-
drically-shaped fluid flow body each define a respective one
of the flud flow 1nlet and the fluid flow outlet.

[0019] In one or more embodiments, the helical length of
cach of the flow diverters 1s not greater than about 200
degrees.

[0020] In one or more embodiments, each of the flow
diverters 1s equally spaced from each adjacent one of the
flow diverters and has a common pitch with respect to each
of the other flow diverters.

[0021] In one or more embodiments, all of the flow
diverters have the same dimensional specifications.

[0022] In one or more embodiments, each of the flow
diverters has a fluid diverting surface that extends contigu-
ously from a leading edge located a first distance from the
fluid tflow 1nlet to a trailing edge located a second distance
from the fluid flow 1nlet, where the second distance 1s greater
than the first distance.

[0023] In one or more embodiments, the leading edge of
cach of the flow diverters 1s truncated 1n a skewed manner
such that an angle of the corner of the leading edge, which
protrudes 1nto the fluid flow 1s about 120 degrees or greater.

[0024] In one or more embodiments, attaching each of the
flow diverters to the interior surface of the fluid tlow body
includes positioning each of the flow diverters such that a
central axis thereol extends generally colinear with a cen-
terline axis of the fluid flow passage.

[0025] In one or more embodiments, attaching each of the
flow diverters to the interior surface of the fluid tlow body
includes rotationally orienting each of the flow diverters
such that a lower edge portion of the opposing end portions




US 2021/0364018 Al

of each of the flow diverters 1s located at a position below
a transverse axis extending through a centerline axis of the
fluid flow passage.

[0026] In one or more embodiments, attaching each of the
flow diverters to the interior surface of the fluid flow body
includes rotationally orienting each of the flow diverters
such that a lower edge portion of the opposing end portions
of each of the tlow diverters 1s located at a position below
a transverse axis extending through a centerline axis of the

fluid tflow passage.
[0027] These and other objects, embodiments, advantages
and/or distinctions of the present mvention will become

readily apparent upon further review of the following speci-
fication, associated drawings and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 1s a diagrammatic view showing laminar
flow eflect within a fluid flow conduait;

[0029] FIG. 2 1s a diagrammatic view showing laminar
flow effect within a fluid flow conduit generated by a fluid
flow enhancing device configured 1n accordance with one or
more embodiments of the disclosures made herein;

[0030] FIG. 3 15 a perspective view showing a fluid tlow
enhancing device in accordance with one or more embodi-
ment of the disclosures made herein;

[0031] FIG. 4 1s a cross-sectional view taken along the line
4-4 1n FIG. 3;
[0032] FIG. 515 across-sectional view taken along the line

5-5 1in FIG. 3; and

[0033] FIG. 6 1s an illustrative view showing a fluid tlow
apparatus 1 accordance with one or more embodiments of
the disclosures made herein.

DETAILED DESCRIPTION

[0034] Fluid flow enhancing devices configured in accor-
dance with one or more embodiments of the disclosures
made herein 1s shown. These fluid flow enhancing devices
are passive devices having no moving parts and can be
installed immediately upstream of a subsurface culvert or
other similar type of subsurface watershed conduit. As
discussed below 1n greater detail, these fluid flow enhancing
devices modily the tflow characteristics (e.g., current pattern)
of watershed runofl water or other source of water or flmd
(e.g., industrial water source) being directed into a culvert or
other similar type of subsurface watershed conduit, particu-
larly when the tlow 1s of a magnitude attributed to flood
conditions.

[0035] In response to tlow levels generally attributed to
flood conditions, a flmd flow enhancing device in accor-
dance with embodiments of the disclosures made herein
causes the water’s tlow pattern to transform from a parabolic
flow condition to a rotational flow condition. This change 1n
flow pattern advantageously amplifies flow through the
culvert and results 1n the culvert having a greater tlow
capacity thereby eliminating back pooling and flooding
upstream of the fluid flow apparatuses. To this end, the
change in flow pattern beneficially disrupts and flushes
debris out of the culvert, thereby establishing a self-cleaning
action within the culvert that serves to clean the culvert after
suitable upstream water delivery event—e.g., heavy rain,
controlled water release, etc.

[0036] As shown 1n FIG. 1, conventional flow of flowable
material § within a flow passage 10 of a material flow
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conduit 15 has a parabolic flow profile characterized by
laminar flow eflect (1.e., 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 material (e.g., water) at the surface of
the flow passage 10 exhibits considerable friction and zero
flow velocity, thereby reducing velocity of the flowable
material even at a considerable distance from the surface of
the tlow passage 10. In association with this reduced veloc-
ity, the laminar tlow eflect (e.g., friction at the surface of the
material flow conduit) 1s known to increase head loss and
heating of the flowable material.

[0037] In contrast, a fluud flow enhancing assembly 1
configured 1n accordance with one or more embodiments of
the disclosures made herein i1s configured 1n a manner that
causes fluid flow to be transtformed from a flow profile
characterized by a parabolic flow condition to a tlow profile
being characterized by rotational flow condition (1.e., rota-
tional flow profile 25). The rotational tlow profile 25 1s the
result of rotational movement (also sometimes known as
whirlpool, cyclonic or vortex tlow) of the tflowable material
5 about a longitudinal axis L1 of the material flow conduit
15 as generated by the fluid flow enhancing assembly 1. As
a person or ordinary skill in the art will understand (e.g., as
depicted in FIGS. 1 and 2), a rotational tflow profile provides
greater average flow velocity and volumetric flow than
laminar tlow for a given material flow conduit. Additionally,
a rotational flow profile can mitigate adverse interaction
between the surface of the material flow conduit and the
flowable material. These advantageous aspects of the rota-
tional flow profile arise from 1t accelerating and centralizing
flow of the tlowable maternal toward the central portion of
the flow passage 10, thereby mitigating associated adverse
flow conditions and amplitying flow magnitude.

[0038] Referring now to FIGS. 3-5, a flmd flow enhancing
device 100 (1.e., a fluid flow enhancing device configured 1n
accordance with one or more embodiments of the disclo-
sures made herein) comprises a fluid tlow body 105 and a
plurality of semi-helical flow control bodies 110. The fluid
flow body 103 has a fluid flow inlet 107 at a first end portion
107A, a fluid flow outlet 108 at a second end portion 108A
and a fluid tlow passage 111 extending between and 1n fluid
communication with the fluid flow inlet 107 and the fluid
flow outlet 108. As shown, the fluud flow body 1035 is
preferably cylindrically-shaped such that a centerline axis C
of the fluid flow passage 111 1s eflectively straight. In one or
more other embodiments, the fluid tlow passage 111 can be
non-cylindrical (e.g., a centerline axis C of the fluid flow
passage 111 1s curved as opposed to being eflectively
straight, the fluid flow body 103 can be conical shaped, etc.).

[0039] The plurality of semi-helical flow control bodies
110 are each attached to an interior surface 112 of the fluid
flow body 103 within the fluid flow passage 111 thereot. The
fluid tlow body 105 1s preferably made from a material such
as steel, polymer, laminate, concrete or the like. The semi-
helical flow control bodies 110 can each be made from a
suitable metal such as steel or the like or a suitable poly-
meric material such as nylon, polyester, or the like. In
preferred embodiments, the semi-helical flow control bodies
110 are each attached to the interior surface 112 of the tfluid
flow body 103 such that they are maintained in a stationary,
fixed position and orientation during exertion of force from
exposure to maximum loading from fluid (e.g., watershed
water) flowing through the fluid flow passage 111. To this
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end, the semi-helical flow control bodies 110 can each be
attached to the interior surface 112 of the fluid flow body 105
by a suitable means such as, for example, welding, threaded
tasteners, rivets, adhesive bonding material, or a combina-
tion thereof. In one or more embodiments, as shown 1n FIG.
5, each of the semi-helical flow control bodies 110 1s equally
spaced from each adjacent one of the semi-helical flow
control bodies 110 by a distance D and has a common pitch
P with respect to each of the other semi-helical flow control
bodies 110. It 1s contemplated herein that at least some of the
semi-helical flow control bodies 110 1s non-equally spaced
from one or more adjacent ones of the semi-helical tflow
control bodies 110 and/or can have a pitch P that 1s different
than one or more adjacent ones of the semi-helical flow
control bodies 110.

[0040] As shown 1 FIG. 4, each of the semi-helical flow
control bodies 110 has a helical length less than 360
degrees—i.e., helical length (angular distance)=360
degrees—0®. In one or more preferred embodiments, the
helical length 1s not greater than about 200 degrees. Pret-
erably, each of the semi-helical flow control bodies 110 has
a fluid diverting surface S that extends contiguously from a
leading edge 115 located a first distance from the fluid tlow
inlet 107 to a trailling edge 120 located a second distance
from the fluid flow 1nlet 107, where the second distance 1s

greater than the first distance (1.e., 1n accordance with the
pitch P of the semi-helical flow control bodies 110).

[0041] In one or more embodiments, as best shown 1n FIG.
4, the leading edge 115 of each of the semi-helical tlow
control bodies 110 1s truncated 1n a skewed manner. Thus, an
unsupported corner 121 of the leading edge 115 1s defined by
edges having an angle therecbetween that 1s considerably
greater than 90 degrees—e.g., about 120 degrees or greater.
Truncation of the leading edge 115 1s beneficial in view of
the unsupported corner 121 being subject to high bending
force resulting from the unsupported cormner 121 protruding
into the fluid flow within the fluid flow passage 111. By
truncating the leading edge 115, material comprising and
retaining the unsupported corner 121 1s increased as com-
pared to a corner that 1s defined by edges having an angle
therebetween that 1s approximately 90 degrees. Additionally,
the steep angle of the unsupported corner 121 when the
leading edge 115 1s truncated also serves to efliciently and
cllectively deflect debris toward a central portion of the flud
flow.

[0042] In view of the semi-helical flow control bodies 110
having a helical length less than 360 degrees, a leading edge
portion 115 and a trailing edge portion 120 of each of the
semi-helical flow control bodies 110 (1.e., opposing end
portions 115, 120) are laterally and axially spaced apart from
cach other. These spaced-apart opposing end portions 115,
120 jointly define a perimeter opening 113 of a respective
one of the semi-helical flow control bodies 110. In preferred
embodiments, a width of the perimeter opening 113 of each
of the semi-helical tlow control bodies 110 1s generally the
same—1.e., all of the semi-helical flow control bodies 110
having identically or eflectively the same dimensional speci-
fications (e.g., fluid diverting surface width, fluid diverting
surface axial angle, body pitch, helical length, material
thickness, and the like). In one or more embodiments, as
shown 1 FIGS. 4 and 5, a lower edge portion of the
opposing end portions 115, 120 of each of the semi-helical
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flow control bodies 110 1s located at a position below a
transverse axis 1T extending through the centerline axis C of
the fluid flow passage 111.

[0043] As shown in FIGS. 4 and 5, the perimeter opening
113 of each of the semi-helical tlow control bodies 110 1s at
least partially aligned with the perimeter opening 113 of
cach adjacent one of the semi-helical flow control bodies
110. In preferred embodiments, the perimeter opening 113 of
cach of the semi-helical flow control bodies 110 1s generally
aligned with the perimeter opening 113 of each adjacent one
of the semi-helical flow control bodies 110—e.g., closely
aligned as permitted by reasonable placement and attach-
ment approaches. Such alignment can also include each of
the semi-helical flow control bodies 110 having a central
axis thereof that extends generally colinear with the center-

line axis C of the fluid flow passage 111.

[0044] In operation, the fluid flow enhancing device 100
advantageously causes fluid flow (e.g., watershed water)
through the fluid flow passage 111 to transition from para-
bolic flow condition to a rotational flow condition when a
flmd level 1s suiliciently high so as to engage the semi-
helical flow control bodies 110. The parabolic tlow condition
can be characterized by low fluid tlow velocity (e.g., at or
approaching O ft/sec) at the interior surface 112 of the fluid
flow body 105 and maximum fluud flow velocity at a
maximum distance from the interior surface 112 of the fluid
flow body 105. In contrast, flow considerations such as
turbulence, non-linear flow direction and other laminar flow
limiting considerations cause the rotational flow condition to
induce greater tlow velocities adjacent to the interior surface

112 of the flmd flow body 105. In doing so, fluid flow under
the rotational flow condition exhibits markedly greater flow
velocity over a larger tlow area of the fluid flow body 105.
This beneficial velocity of rotational flow (e.g., vortex and

tornadic flow) as compared to parabolic flow (e.g., laminar
flow) are well known 1n the art.

[0045] Fluid flow transition to the rotation flow condition
1s at least partially a function of a depth of fluid flow within
the flud tlow passage 111 relative to a perimeter opening
height H (shown in FIGS. 4 and 5) defined by a lowermost
portion of the opposing end portions 115, 120 of the semi-
helical flow control bodies 110. To this end, as installed, the
fluud flow enhancing device 100 1s oriented such that a
vertical axis V generally bisects the semi-helical tlow con-
trol bodies 110. When the depth of the fluid flow through the
fluid flow enhancing device 100 is less than the perimeter
opening height H, fluid flows undisturbed by the semi-
helical flow control bodies 110. Such undisturbed flow 1s
parabolic flow characterized by the well-known Mannming
equation. It 1s known to a person of ordinary skill in the art
of fluid flow that 1.) the Manning equation 1s a commonly
used equation to analyze open channel flows, 2.) it 1s a
semi-empirical equation for simulating water flows 1n chan-
nels and culverts where the water 1s open to the atmo-
sphere—i.e., not flowing under pressure, 3.) can be any
shape—e.g., circular, rectangular, triangular, etc., and 4.) 1s
purported to have been first presented 1mn 1889 by Robert
Manning. As disclosed i U.S. Pat. No. 6,692,189, which is
incorporated herein 1n 1ts entirety by reference, the Manning
equation 1s:

V=(1/n)*]*R¥> %57
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[0046] where:
[0047] V=Mean velocity (m/s, {t/s);
[0048] k=1.49 for English units, or 1.00 for SI units;
[0049] n=Manning’s roughness (unitless);
[0050] R=Hydraulic radius (m, {t); and
[0051] S=Friction slope (m/m, {t/1t).
[0052] As the fluid flow level 1n the fluid flow enhancing

device 100 increased to a level above the perimeter opening
height H, the fluid of the flud flow impinges the semi-helical
flow control bodies 110. Suflicient impingement results in
the fluid flow transitioning from the parabolic flow condition
to the rotational flow condition. This 1nteraction between the
fluid flow and the semi-helical flow control bodies 110
becomes more pronounced the farther the fluid flow level
rises above the perimeter opening height H, up to the level
where the entire fluid flow passage 111 1s full of fluid tlow.
To this end, at the leading edge 1135 of the semi-helical tlow
control bodies 110, momentum of the fluid and the helical
profile of the semi-helical flow control bodies 110 causes the
fluid flow to begin to be lifted onto the fluid diverting surface
S of the semi-helical flow control bodies 110. Correspond-
ingly, at the trailing edge 120 of the semi-helical flow
control bodies 110, momentum of the fluid and the helical
profile of the semi-helical flow control bodies 110 causes the
fluid flow to begin to be pushed down onto the interior
surface 112 of the fluid flow body 105. Additionally, axial
fluid flow through the fluid flow passage 111 created a
pressure diflerential at the rear surface of the semi-helical
flow control bodies 110 causing fluid to be pull along the
rear surface of the semi-helical tlow control bodies 110.
These lifting, pushing and pulling actions on the fluid tlow
caused by the semi-helical shape of the flow control bodies
110 results 1n a transition of the fluid tlow from the parabolic
flow condition to the rotational tlow condition and associ-
ated enhancement of fluid tlow rate.

[0053] Alignment of the perimeter opening 113 of the
semi-helical flow control bodies 110, as discussed above,
results 1n formation of a wildlife passage 114 that extends
between the fluid flow inlet 107, the fluid flow outlet 108.
The wildlife passage 114 i1s characterized by a space
between the opposing end portions 115, 120 of the semi-
helical flow control bodies 110 and the portion of the interior
surface 112 of the fluid flow body 1035 extending between
such opposing end portions 115, 120 of each of the semi-
helical flow control bodies 110. Advantageously, the wildlife
passage 114 permits free passage of wildlife through the
fluid flow passage 111 of the fluid flow body 105. Examples
of such wildlife include, but are not limited to, aquatic
wildlife (e.g., fish, turtles, etc.), legged wildlife (e.g., rabbits,
squirrels, raccoons, etc.) and the like. The wildlife passage
114 allows wildlife to readily swim and/or walk through the
fluid flow enhancing device 100 without having to traverse
over or otherwise be impeded by one or more of the
semi-helical flow control bodies 110.

[0054] In preferred embodiments, fluid flow enhancing
device configured 1n accordance with one or more embodi-
ments of the disclosures made herein (e.g., the fluid flow
enhancing device 100) meet governmental fish passage
requirements. For example, the wildlife passage 114 of the
fluud tflow enhancing device 100 can be configured to
specifically meet fish passage requirements set forth 1in
Urban Drainage Design Manual, Hydraulic Engineering
Circular No. 22 (HEC-22) 1ssued by the U.S. Department of
Transportation Federal Highway Adminmistration (FHWA) as
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publication no. FHWA-NHI-10-009 1n September of 2009
(updated 1n August o1 2013). Such fish passage requirements
of HEC-22 are characterized as an unrestricted area of a
culvert of not less than 20% of the culvert height (1.e., the
minimum wildlife passage height). Thus, 1n the case where
the fluid flow enhancing device 100 1s placed upstream of a
culvert (1.e., as opposed to a contemplated implementation
where the fluid flow enhancing device 100 1s used as the
culvert), the minimum height of the unrestricted wildlife
passage 114 of the fluid flow enhancing device 100 corre-
sponds to 20% of the height of the associated downstream
culvert. In addition to the governmental fish passage require-
ments, fluid tflow enhancing device configured 1n accordance
with one or more embodiments of the disclosures made
herein can be configured to meet other government-desig-
nated design requirements ol such

[0055] Referring now to FIG. 6, a fluid flow apparatus 200
in accordance with one or more embodiments of the disclo-
sures made herein 1s shown. The fluid tlow apparatus 200
includes a fluid flow enhancing device 202, a culvert 204,
and a coupler 206 engaged between the tluid flow enhancing
device 202 and the culvert 204. The fluid flow enhancing
device 202 1s a fluid flow enhancing device configured 1n
accordance with one or more embodiments of the disclo-
sures made herein (e.g., the fluid tlow enhancing device 100
discussed above 1n reference to FIGS. 3-5). An inlet portion
208 of the coupler 206 1s engaged with an outlet portion 210
of the tfluid flow enhancing device 202 and an outlet portion
212 of the coupler 206 1s engaged with an ilet portion 214
of the fluid flow enhancing device 202. Such engagement of
the fluid flow enhancing device 202, the culvert 204 and the
coupler 206 provides for fluid communication therebetween,
thus enabling for fluid tlow through the fluid flow apparatus
200. In one or more embodiments, the coupler 206 can be
integral with the fluid tlow enhancing device 202, thereby
forming a fluid flow enhancing assembly.

[0056] Beneficially, in preferred embodiments, fluid tlow
enhancing devices configured 1n accordance with one or
more embodiments of the disclosures made herein are each
capable of use with a variety of culvert sizes (i.e., semi-
umversal fluid tlow apparatuses). Examples of such semi-
umversal fluid flow enhancing devices include, but are not
limited to: 1.) a semi-universal fluid flow enhancing device
having about a 42-inch ID (e.g., inside diameter) that 1s
about 108" long can be configured for being utilized with
culverts from about 21-inch ID to about 36-inch ID, 2.) a
semi-universal fluid flow enhancing device having about a
72-1nch ID (e.g., inside diameter) that 1s about 108" long can
be configured for being utilized with culverts from about
36-1nch ID to about 64-inch ID, and 3.) a semi-universal
fluid flow enhancing device having about a 128-inch ID
(e.g., mside diameter) that 1s about 320" long can be
configured for beng utilized with culverts from about
64-inch ID to about 109-inch ID. To this end, a fluid flow
system configured 1n accordance with one or more embodi-
ments of the disclosures made herein can comprise a set of
tapered body couplers (e.g., having tapered conical section
with a taper ratio of about 3.5 inches to about 4.0 inches per
foot) that enable a plurality of different size culverts to be
engaged with a single fluid flow enhancing device config-
ured 1n accordance with one or more embodiments of the
disclosures made herein.

[0057] In addition to the enhanced fluid flow rates result-
ing from the transition from parabolic tflow conditions to




US 2021/0364018 Al

rotational flow conditions, the rotational flow conditions
provided by a flmd flow enhancing device configured in
accordance with one or more embodiments of the disclo-
sures made herein also beneficially disrupts and dislodges
debris within a downstream subsurface watershed conduit
such as a culvert (and at least a downstream portion of the
fluid flow enhancing device). This disruption and dislodging
of the debris serves to remove such debris that has gathered
within the downstream subsurface watershed conduit (and at
least a downstream portion of the fluid flow enhancing
device), thereby providing a passive cleaning functionality
that results in response to fluid flow through the fluid flow
enhancing device exhibiting rotational flow conditions.

[0058] It 1s disclosed herein that a fluid flow enhancing
device configured in accordance with one or more embodi-
ments ol the disclosures made herein can be used as a
portion of a culvert itself. For example, 1n such an imple-
mentation, the fluid tlow enhancing device can be entirely or
partially part ol a subsurface watershed conduit (e.g.,
extending partially or entirely under a roadway). To this end,
a fluid flow conduit (e.g., conventional section of culvert
tubing) can be engaged with an inlet of the fluid flow
enhancing device, an outlet of the fluid flow enhancing
device, or both.

[0059] In one or more other embodiments of the disclo-
sures made herein, a method of making a fluid tlow enhanc-
ing device 1s provided. The method can comprise the steps
of providing a fluud tlow body, providing a plurality of
semi-helical flow control bodies and attaching each of the
semi-helical flow control bodies to an mterior surface of the
fluid flow body within a fluid flow passage thereof to form
a flmd flow enhancing device such as, for example, the fluid
flow enhancing device 100 discussed above in reference to
FIGS. 3-5. The fluid flow body has a tluid flow 1nlet at a first
end portion and a fluid flow outlet at a second end portion.
The fluid flow passage extends between and 1n fluid com-
munication with the fluid flow inlet and the fluid flow outlet.
The plurality of semi-helical flow control bodies each have
a helical length less than 360 degrees such that opposing end
portions of each of the semi-helical flow control bodies are
laterally and axially spaced apart from each other to define
a perimeter opening therebetween.

[0060] In one or more embodiment of the method of
making a fluid flow enhancing device, attaching each of the
semi-helical flow control bodies to the interior surface of the
fluid flow body includes rotationally orienting each of the
semi-helical flow control bodies for causing the perimeter
opening of each of the semi-helical flow control bodies to be
at least partially aligned with the perimeter opening of each
adjacent one of the semi-helical tlow control bodies such
that the perimeter openings of the semi-helical tlow contro
bodies jointly define a wildlife passage extending between
the flud tlow inlet and fluid flow outlet of the fluid flow
body along the interior surtace of the flmd flow body. In one
or more embodiment of the method of making a fluid tlow
enhancing device, attaching each of the tlow diverters to the
interior surface of the fluid flow body includes rotationally
orienting each of the flow diverters such that a lower edge
portion of the opposing end portions of each of the flow
diverters 1s located at a position below a transverse axis
extending through a centerline axis of the fluid flow passage.
In one or more embodiment of the method of making a fluid
flow enhancing device, attaching each of the flow diverters
to the interior surface of the fluid flow body includes
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rotationally orienting each of the flow diverters such that a
lower edge portion of the opposing end portions of each of
the flow diverters 1s located at a position below a transverse
axis extending through a centerline axis of the fluid tlow
passage.

[0061] 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 invention in all 1ts
aspects. Although the invention has been described with
reference to particular means, materials and embodiments,
the invention 1s not mtended 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 fluid flow enhancing device, comprising:

a fluid flow body having a fluid flow inlet at a first end
portion, a fluid flow outlet at a second end portion and
a flud flow passage extending between and 1n fluid
communication with the fluid flow inlet and the fluid
flow outlet; and

a plurality of tflow control bodies within the fluid flow
passage of the fluid flow body, wherein each of the tlow
control bodies 1s axially spaced apart along a length of
the fluid flow body from each adjacent one of the tlow
control bodies, wherein each of the flow control bodies
extends 1n a helical manner about a longitudinal refer-
ence axis extending along the length of the fluid flow
body, wherein each of the flow control bodies has a
helical length at least 180 degrees and less than 360
degrees such that opposing end portions of each of the
flow control bodies are laterally and axially spaced
apart relative to the longitudinal reference axis extend-
ing along the length of the fluid flow body thereby
defining a perimeter opening therebetween and wherein
at least a lower edge portion of said opposing end
portions of each of the flow control bodies 1s located at
a position below a reference axis extending trans-

versely through the longitudinal reference axis extend-
ing along the length of the fluid flow body.

2. The flmd flow enhancing device of claim 1 wherein
cach of the flow control bodies has a central axis thereof
extending generally colinear with the longitudinal reference
axis extending along the length of the fluid tflow body.

3. The fluid flow enhancing device of claim 1 wherein a
width of the perimeter opening of each of the flow control
bodies 1s generally the same.

4. The flud tlow enhancing device of claim 1 wherein the
perimeter opening ol each of the tlow control bodies 1s
generally aligned with the perimeter opening of each adja-
cent one of the tlow control bodies.

5. The fluid flow enhancing device of claim 1 wherein the
perimeter opening ol each of the flow control bodies 1s at
least partially aligned with the perimeter opening of each
adjacent one of the flow control bodies

6. The fluid flow enhancing device of claim 1 wherein the
helical length of each of the flow control bodies 1s not

greater than about 200 degrees.
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7. The fluid flow enhancing device of claim 1 wherein a
width of the perimeter opening of each of the flow control
bodies 1s generally the same.

8. The fluid flow enhancing device of claim 1 wherein
cach of the tlow control bodies 1s equally spaced along the
longitudinal reference axis extending along the length of the
fluid flow body from each adjacent one of the tlow control
bodies and has a common pitch with respect to each of the
other flow control bodies.

9. The flud flow enhancing device of claim 8 wherein the
perimeter opening ol each of the flow control bodies 1s
generally aligned with the perimeter opening of each adja-
cent one of the flow control bodies.

10. The fluid flow enhancing device of claim 8 wherein
cach of the flow control bodies has a central axis thereof
extending generally colinear with the longitudinal reference
axis extending along the length of the fluid flow body.

11. The fluid flow enhancing device of claim 1 wherein all
of the flow control bodies have the same dimensional
specifications.

12. The fluid flow enhancing device of claim 1 wherein:

cach of the flow control bodies 1s equally spaced along the

longitudinal reference axis extending along the length
of the flmd flow body from each adjacent one of the
flow control bodies and has a common pitch with
respect to each of the other flow control bodies;

cach of the flow control bodies has a central axis thereof

extending generally colinear with the longitudinal ret-
erence axis extending along the length of the fluid tlow
body;

a width of the perimeter opening of each of the flow

control bodies 1s generally the same; and

the perimeter opening of each of the tlow control bodies

1s generally aligned with the perimeter opening of each
adjacent one of the flow control bodies.

13. The fluid flow enhancing device of claim 12 wherein
the helical length of each of the flow control bodies 1s not
greater than about 200 degrees.

14. The fluid flow enhancing device of claim 1 wherein:

cach of the flow control bodies has a fluid diverting

surface that extends contiguously from a leading edge
located a first distance from the fluid tlow 1nlet to a
trailing edge located a second distance from the fluid
flow 1nlet; and

the second distance 1s greater than the first distance.

15. A fluid flow enhancing device, comprising:

a fluid tflow body having a fluid flow inlet at a first end

portion, a fluid tlow outlet at a second end portion and
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a fluid flow passage extending between and in fluid
communication with the fluid flow inlet and the fluid
flow outlet; and

a plurality of tlow control bodies each within the tluid
flow passage of the fluid flow body and engaged with
an 1nterior surface thereof, wherein each of the flow
control bodies extends partially around a centerline
longitudinal axis of the fluid flow body 1n a helical
manner, wherein each of the flow control bodies has a
helical length at least 180 degrees and less than 360
degrees such that opposing end portions of each of the
flow control bodies are laterally and axially spaced
apart relative to the centerline longitudinal axis of the
fluid flow body thereby defining a perimeter opening,
therebetween, wherein each of the flow control bodies
1s axially spaced apart along the centerline longitudinal
ax1is of the fluid flow body from each adjacent one of
the flow control bodies, wherein each of the flow
control bodies has a common pitch with respect to each
of the other flow control bodies and wherein the
perimeter opening of each of the flow control bodies 1s
generally aligned with the perimeter opening of each
adjacent one of the flow control bodies.

16. The fluid flow enhancing device of claim 15 wherein:

cach of the flow control bodies has a fluid diverting
surface that extends contiguously from a leading edge
located a first distance from the fluid tflow 1nlet to a

trailing edge located a second distance from the fluid
flow 1nlet; and

the second distance 1s greater than the first distance.

17. The fluid flow enhancing device of claim 15 wherein
at least a lower edge portion of said opposing end portions
of each of the flow control bodies 1s located at a position
below a reference axis extending transversely through the
centerline longitudinal axis of the fluid flow body.

18. The fluid flow enhancing device of claim 15 wherein
the helical length of each of the tlow control bodies 1s not
greater than about 200 degrees.

19. The fluid flow enhancing device of claim 15 wherein
cach of the flow control bodies 1s equally spaced along the
centerline axis of the fluid flow body from each adjacent one
of the flow control bodies.

20. The fluid flow enhancing device of claim 15 wherein
a width of the perimeter opening of each of the flow control
bodies 1s generally the same.
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