WO 2015/139131 PCT/CA2015/050199

PIPE ASSEMBLY WITH STEPPED FLOW CONDITIONERS

I. Cross Reference to Prior Application

This PCT international application claims priority to U.S. Serial No. 61/968,0086, filed in the
U.S. Patent and Trademark Office on March 20, 2014. The entire contents of such prior

application are incorporated herein by reference.

Il. Technical Field

The present invention relates to fluid flow measurement components used in oil and gas
pipelines. More particularly, the present invention relates to a pipe assembly with stepped

flow conditioners and methods of using same.

[1I. Background of the Invention

Pipelines are used to transport fluids in various industries, including chemical, oil and gas,
and manufacturing. These industries use processes that require fluid flow rates to be
accurately measured. These measurements are performed at locations known as meter
stations using a variety of different meter types. These meters function in different ways,
they can use: differential pressure of the fluid across an obstruction, ultrasonic signal travel
times, turbine blade rotational speed, Coriolis forces, or even electrical and magnetic fields
being generated due to bulk fluid movement. Almost all of these measurement methods

require use of the fluid velocity distribution, known as a velocity flow profile.

To achieve the most accurate measurements, the flow profile of the fluid entering a metering
device must be stable, non-rotating, and symmetric. This type of velocity distribution is
known as a fully developed flow profile, and it forms naturally in very long lengths of
uninterrupted straight pipe. However, having long lengths of straight pipe is impractical and
cost prohibitive. As a result, meter station piping often contains elbows, tees, valves and
other assemblies that distort the flow profile into an asymmetric, unstable, and distorted
configuration. This makes it very difficult to measure the fluid flow rate in a consistently
accurate and repeatable manner. Under these conditions, flow conditioners are needed to
correct the flow profile of the fluid such that it forms a fully developed flow profile which

allows accurate, repeatable measurements to be made.



WO 2015/139131 PCT/CA2015/050199

Several types of flow conditioners exist, including straightening vanes, tube bundles, and
perforated plates. These flow conditioners are placed within the pipe upstream of the flow
meter. A typical perforated plate flow conditioner consists of a perforated metal plate that is
arranged within a pipe orthogonal to the fluid flow, i.e., across the entire cross section of
pipe. The perforations or holes in the flow conditioner cause the fluid flow to be redistributed
such that it forms a fully developed flow profile. The placement of a flow conditioner
upstream of the flow meter ensures that the flow is fully developed before it reaches the
meter. This allows the meter to perform significantly more accurate and repeatable fluid flow

measurements.

IV. Summary of the Invention

The invention provides in an embodiment a pipe assembly for flow measurement,
characterized by a fluid flow pipe and two or more flow conditioners each having a stepped
configuration and disposed in series within the fluid flow pipe in an orientation substantially
perpendicular to an axis of the fluid flow pipe.

The invention provides a further embodiment to any of the previous embodiments a pipe
assembly characterized in that the two or more flow conditioners each comprises an outer
ring extending from a first side of the flow conditioner and comprising a concentric ring of a
plurality of holes defining fluid passages from the outer ring to a second side of the flow
conditioner; at least one inner ring recessed or stepped from the outer ring and comprising a
concentric ring of a plurality of holes defining fluid passages from the at least one inner ring
to the second side of the flow conditioner; and a central hole or opening. The plurality of
holes in the outer ring and the plurality of holes in the at least one inner ring provide fluid
passages of unequal length from a first side of the flow conditioner to a second side of the
flow conditioner.

The invention provides a further embodiment to any of the previous embodiments a pipe
assembly characterized in that the central hole or opening is recessed or stepped from the at
least one inner ring.

The invention provides a further embodiment to any of the previous embodiments a pipe
assembly characterized in that a diameter of the central hole or opening may be greater than

the diameters of the plurality of holes of the at least one inner ring, and the diameters of the
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plurality of holes of the at least one inner ring may be greater than the diameters of the
plurality of holes of the outer ring.

The invention provides a further embodiment to any of the previous embodiments a pipe
assembly characterized in that the central hole or opening may define a fluid length that is
less than the fluid length or passages defined by the plurality of holes of the at least one
inner ring, which is less than the fluid length of passages defined by plurality of holes of the

outer ring.

The invention provides a further embodiment to any of the previous embodiments a pipe
assembly characterized in that the two or more flow conditioners each comprises a first set
of integral vanes at least partially following a contour or pattern of an outer ring of holes; and
a second set of integral vanes at least partially following a contour or pattern of an inner ring
of holes, wherein the second set of integral vanes is recessed or stepped from the first set of

integral vanes.

The invention provides a further embodiment to any of the previous embodiments a pipe
assembly characterized in that the two or more flow conditioners each having a stepped

configuration are positioned at about 2-10 pipe diameters apart.

The invention provides a further embodiment to any of the previous embodiments a pipe
assembly further characterized in that at least one pressure transmitter is installed upstream
of, downstream of, or between the two or more flow conditioners each having a stepped

configuration.

The invention provides a further embodiment to any of the previous embodiments a pipe
assembly further characterized by a flow meter downstream of the two or more flow
conditioners each having a stepped configuration.

As used herein “substantially”, “relatively”, “generally”, “about”, and “approximately” are
relative modifiers intended to indicate permissible variation from the characteristic so
modified. They are not intended to be limited to the absolute value or characteristic which it
modifies but rather approaching or approximating such a physical or functional
characteristic.
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In the detailed description, references to "one embodiment”, "an embodiment”, or “in
embodiments” mean that the feature being referred to is included in at least one embodiment
of the invention. Moreover, separate references to "one embodiment”, "an embodiment", or
“in embodiments” do not necessarily refer to the same embodiment; however, neither are
such embodiments mutually exclusive, unless so stated, and except as will be readily
apparent to those skilled in the art. Thus, the invention can include any variety of
combinations and/or integrations of the embodiments described herein.

Given the following enabling description of the drawings, the methods and systems should
become evident to a person of ordinary skill in the art.

V. Brief Description of the Drawings

FIG. 1 illustrates a perspective view of a first side of a flow conditioner according to an

embodiment of the present invention.

FIG. 2illustrates a perspective view of a second side of the flow conditioner of FIG. 1.

FIG. 3illustrates a perspective view of a first side of a flow conditioner according to a further

embodiment of the present invention.

FIG. 4 illustrates a perspective view of a second side of the flow conditioner of FIG. 3.

FIG. 5illustrates a perspective view of a first side of a flow conditioner according to a further

embodiment of the present invention.

FIG. 6 illustrates a perspective view of a second side of the flow conditioner of FIG. 5.

FIG. 7A illustrates a perspective view of a first side of a flow conditioner according to a
further embodiment having a flange on a first side; integral vanes on a first side that at least
partly following contours of an outer ring of holes or apertures; and integral vanes on a first

side that at least partly following contours of an inner ring of holes or apertures.

FIG. 7B illustrates a view of a second side of the flow conditioner of FIG. 7A.
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FIG. 7C illustrates a cross sectional view of the flow conditioner of FIG. 7A.

FIG. 8A illustrates a perspective view of a first side of a flow conditioner having a flange on
an opposite side than the flow conditioner of FIG. 7A.

FIG. 8B illustrates a perspective view of a second side of the flow conditioner of FIG. 8A.

FIG. 9 is a graph showing a flow profile in a straight pipe with the flow conditioner of FIGS.
8A-B.

FIG. 10 is a graph showing a flow profile in an empty pipe, the fluid having 30 degrees of

swirl.

FIG. 11 is a graph showing a flow profile with the flow conditioner of FIGS. 8A-B, the fluid
having 30 degrees of swirl.

FIG. 12 is a graph showing the crossflow (swirl) significance with a flow conditioner of FIGS.
8A-B, the fluid having 30 degrees of swirl.

FIG. 13 is a schematic of two flow conditioners having a stepped configuration installed in

series in a pipeline.

Given the following enabling description of the drawings, the methods and systems should

become evident to a person of ordinary skill in the art.

VI. Detailed Description of the Invention

According to the present invention, a pipe assembly for flow measurement is characterized
by a fluid flow pipe; and two or more flow conditioners each having a stepped configuration
and disposed in series within the fluid flow pipe in an orientation substantially perpendicular
to an axis of the fluid flow pipe.

The entire flow conditioner may be machined out of the same material to provide a unitary,
integral structure, in contrast, for example, to flow conditioners that are welded together such

as tube bundles.
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According to an embodiment of the present invention, FIG. 1 illustrates a perspective view of
a first side of a flow conditioner 10 comprising 1) a body or disk 11 and optional flange 15; 2)
an outer ring 17 extending from the first side of the flow conditioner, and comprising a
concentric ring of a plurality of holes 20 defining fluid passages from the outer ring to a
second side of the flow conditioner; 3) at least one inner ring 22 recessed or stepped from
the outer ring 17 and comprising a concentric ring of a plurality of holes 25 defining fluid
passages from the at least one inner ring 22 to the second side of the flow conditioner; and
4) a central hole or opening 30 recessed or stepped from the at least one inner ring 22. The
plurality of holes 20 in the outer ring 17 and the plurality of holes 25 in the at least one inner
ring 22 provide fluid passages of unequal length from a first side of the flow conditioner to a
second side of the flow conditioner. FIG. 2 illustrates a perspective view of the second side
of FIG. 1.

As illustrated, the outer ring and at least one inner ring may comprise a concentric ring of

circular holes. However, the holes may be of any effective shape.

In specific embodiments, the at least one inner ring may comprise a plurality or series of

stepped, recessed concentric rings, each ring comprising a plurality of holes.

According to a further embodiment, FIG. 3 illustrates a perspective view of a first side of a
flow conditioner 31 comprising 1) a body or disk 32 and an optional flange 35; 2) an outer
ring 37 extending from the first side of the flow conditioner and comprising a concentric ring
of plurality of holes 40 defining fluid passages from the outer ring to a second side of the flow
conditioner; 3) at least one inner ring 42 recessed or stepped from the outer ring 37 and
comprising a concentric ring of a plurality of holes 45 defining fluid passages from the inner
ring 42 to the second side of the flow conditioner; and 4) a non-recessed central hole or
opening 50 within the at least one innerring 42. FIG. 4 illustrates a perspective view of the
second side of FIG. 3.

According to a further embodiment, FIG. 5 illustrates a perspective view of a first side of a
flow conditioner 55 comprising 1) a body or disk 56 and an optional flange 60; 2) an outer
ring 62 extending from a first side of the flow conditioner and comprising a concentric ring of
a plurality of holes 65, wherein the outer holes 65 define fluid passages from the outer ring to

the second side of the flow conditioner; 3) at least one inner ring 67 comprising a concentric
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ring of a plurality of holes 70 and recessed or stepped from the outer ring 62, wherein the
inner holes 70 define fluid passages from the inner ring to the second side of the flow
conditioner; and 4) a central hole or opening 75 recessed or stepped from the at least one
inner ring 67. The outer ring 62 may be integral with the optional flange.

The plurality of holes 65 in the outer ring and the plurality of holes 70 in the at least one inner
ring provide fluid passages of unequal length from the first side of the flow conditioner to the
second side of the flow conditioner. FIG. 6 illustrates a perspective view of the second side
of FIG. 5.

In specific embodiments of the flow conditioners of FIGS. 1-6, a diameter of the central hole
may be greater than the diameters of the plurality of holes of the at least one inner ring, and
the diameters of the plurality of holes of the at least one inner ring may be greater than the
diameters of the plurality of holes of the outer ring. The outer ring and at least one inner ring
may have a flat or planar surface.

In specific embodiments of the flow conditioners of FIG. 1-6, the central hole may define a
fluid length, which is less than the fluid length of passages defined by the plurality of holes of
the at least one inner ring, which is less than the fluid length of passages defined by plurality
of holes of the outer ring.

As shown in FIGS. 7A-7C, a flow conditioner 400 according to yet a further embodiment of
the present invention may comprise a body or disk 405 comprising an outer ring comprising
a plurality of holes 410, and having integral vanes 420 that are machined out of the same
material as the body. A first set of integral vanes 420a follows at least part of the hole
contour or pattern of an outer ring of holes 410. An inner ring comprises a second set of
integral vanes 420b, similar to the first set 420a, that follow the hole contour or pattern of an
inner ring of holes 411, but is recessed from the first set of integral vanes 420a (i.e., a
stepped vane configuration). The integral vanes may be on a downstream side of a flow
conditioner, on an upstream side of a flow conditioner, or on both sides of a flow conditioner.
There flow conditioner may have a central hole or opening.

In specific embodiments, each integral vane 420a extends upward from between two outer
holes 410, thereby defining a substantially flat inwardly-facing surface and two curved sides,

each curved side defined by and integral with part of the circumference of an outer hole.
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Each integral vane 420b on an inner ring of holes 411 extends upward between two holes,
thereby having a substantially flat inwardly-facing surface and two curved sides, each curved

side defined by and integral with part of the circumference of an inner hole.

The flange connection 425 shown in FIGS. 7B-7C is optional. The optional flange
connection 425 may surround the flow conditioner or may be flush with an end (e.g., an
upstream end/face or a downstream end/face) of the flow conditioner. As shown in the
further embodiment of FIGS. 8A-8B, the optional flange 425 may be on an opposite side
than that shown in FIGS. 7A-7C.

FIG. 9 is a graph showing a flow profile in a straight pipe with the flow conditioner of FIGS.
8A-B installed. All runs were done with natural gas as the fluid and with a 5 MPa outlet
pressure. For a fluid having an initial fluid velocity of 25 m/s, FIG. 9 shows the fluid flow
profiles measured horizontally (along a longitudinal axis of the length of the pipe in which the
flow conditioner is installed) and vertically (along a transverse or perpendicular axis of the
pipe) at distances downstream of the flow conditioner (i.e., 5D, 8D, and 15D, measured in
inside or internal pipe diameters). The vertical axis of the graph is the measured velocity in
m/s and the horizontal axis of the graph is the diameter across a pipe (i.e., 0.00 is the center

of the pipe having an approximately 12 inch cross section).

As shown in FIG. 9, the flow profile has a fully developed form at each measured distance
(5D, 8D, and 15D) and the illustrated flow lines substantially overlap.

FIG. 10 is a graph showing a flow profile in an empty pipe, the fluid having 30 degrees of

swirl.

FIG. 11 is a graph showing a flow profile in the pipe of FIG. 10 having the flow conditioner of
FIGS. 8A-8B installed, the fluid having 30 degrees of swirl. Measurements were taken as
described above with respect to FIG. 9. The flow profile has a fully developed form at each

measured distance (5D, 8D, and 15D) and the illustrated flow lines substantially overlap.

FIG. 12 is a graph showing the crossflow (swirl) significance in the pipe of FIG. 10 with a
flow conditioner of FIGS. 8A-8B installed, the fluid having 30 degrees of swirl. The vertical
axis is the swirl/crossflow significance (measured as a percentage of axial velocity) and the

horizontal axis is the distance from the flow conditioner (measured in inside pipe diameters).
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As shown in FIG. 12, the swirl/crossflow significance substantially drops downstream of the
flow conditioner, which is installed at zero.

A. Installed in Series

According to the present invention, two or more flow conditioners each having a stepped
configuration may be installed in series in a pipe upstream from a fluid flow meter. In
specific embodiments, each flow conditioner has a thickness of about 0.05D to about 0.5D,
where D is the pipe inside diameter, which may be 1/3 to %% the thickness of other
commercially-available flow conditioners.

In specific embodiments, the stepped flow conditioners may be connected at various pipe
distances, for example, at a pipe distance of about 2-10 pipe diameters apart (i.e., between
flow conditioners). The stepped flow conditioners may be installed at different flanges that
are in series in the pipeline, for example (FC1, FC2), as shown in FIG. 13.

B. Noise Reduction

Due to the locations of meter stations and pipelines, environmental and municipal noise
restrictions must be met. Having a meter station be as quiet as possible is a large concern.
Also, due to the increasing sensitivity of the ultrasonic flow meters, the noise levels of the
flow conditioner can impact the flow meter performance itself.

An advantage of stepped flow conditioners is that they are quieter than known flow
conditioners. Thus, multiple stepped flow conditioners may be used in series without turning
into a noise generator/harmonic tube. The multiple use of the stepped flow conditioners

allows for a severe reduction in noise.

C. Swirl Reduction

Known device configurations may include an anti-swirl device and a flow conditioner, for
example as in U.S. Patent No. 5,495,872. However, according to the present invention, the
stepped flow conditioners achieve both results, reducing swirl and providing a more fully
developed flow profile, thereby increasing flow meter accuracy. The present invention
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allows for a multistage removal of swirl and flow profile repair in a fluid pipeline. Each flow
conditioner reduces error in the fluid, thereby increasing flow meter accuracy.

Instead of a single flow conditioner taking care of the entirely of the workload in the pipe, the
work is divided up into steps. For example, a first flow conditioner may take or reduce 30%
of the error caused by swirl and a second flow conditioner may take or reduce another 30%
of the error caused by swirl. In specific embodiments, each flow conditioner results in about
50 — 90% reduction in fluid disturbances and swirl.

D. Pressure Transmitters

According to specific embodiments, at least one pressure transmitter may be installed (e.g.,
in the pipe spool) in at least one of: a point upstream of the two or more stepped flow
conditioners, a point downstream of the two or more stepped conditioners, or between any
two stepped flow conditioners (for example, PT1, PT2, PT3 as shown in FIG. 13).

The addition of pressure transmitters may allow for significant diagnostics of the
performance of the flow conditioners by comparing, for example, the overall pressure drop
across the flow conditioners (PT1 to PT3), to the discrete pressure drop performance across
a first flow conditioner plate (PT1 to PT2) and a second flow conditioner plate (PT2 to PT3),
as shown in FIG. 13. Pressure changes across the two or more stepped flow conditioners
allow verification of whether either flow conditioner is damaged, plugged, trapping liquids,
and the like.

In specific embodiments, the flow conditioners may be sized to pipe inside diameter D
(0.85D — 0.99D). In specific embodiments, a vane length may be about 0.10D — 5.25D. In
specific embodiments, an outer ring of vanes may end at between 0.70D — 0.95D and an
inner ring of vanes may be between about 0.35D to 0.65D.

The flow conditioner configuration according to the present invention may be utilized in
existing piping without making modifications. In specific embodiments, the flow conditioners
may have flanged connections, which are frequently available in meter stations. Thus, it is
very simple and extremely compatible with meter station layouts.

10
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Although the present invention has been described in terms of particular exemplary and
alternative embodiments, it is not limited to those embodiments. Alternative embodiments,
examples, and modifications which would still be encompassed by the invention may be
made by those skilled in the art, particularly in light of the foregoing teachings.

Those skilled in the art will appreciate that various adaptations and modifications of the
exemplary and alternative embodiments described above can be configured without
departing from the scope and spirit of the invention. Therefore, it is to be understood that,
within the scope of the appended claims, the invention may be practiced other than as

specifically described herein.
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CLAIMS

1. A pipe assembly for flow measurement, characterized by:
a fluid flow pipe;

two or more flow conditioners each having a stepped configuration and installed
apart within said fluid flow pipe in an orientation substantially perpendicular to an axis of said

fluid flow pipe,

wherein each of the flow conditioners comprises a perforated plate.

2. A pipe assembly according to Claim 1, characterized in that said two or more flow

conditioners each comprises:

an outer ring extending from a first side of the flow conditioner and comprising a
concentric ring of a plurality of holes, wherein the holes define fluid passages from the outer

ring to a second side of the flow conditioner;

at least one inner ring recessed or stepped from the outer ring, said at least one inner
ring comprising a concentric ring of a plurality of holes, wherein the holes define fluid

passages from the at least one inner ring to the second side of the flow conditioner; and
a central hole or opening,

wherein the fluid passages defined by the plurality of holes of the outer ring and the

plurality of holes of the at least one inner ring are of unequal length.

3. A pipe assembly according to Claim 2, characterized in that the central hole or

opening is recessed or stepped from the at least one inner ring.

4. A pipe assembly according to any one of Claims 2-3, further characterized in that a
diameter of the central hole or opening may be greater than the diameters of the plurality of
holes of the at least one inner ring, and the diameters of the plurality of holes of the at least

one inner ring may be greater than the diameters of the plurality of holes of the outer ring.

12



5. A pipe assembly according to any one of Claims 2-3, further characterized in that the
central hole or opening may define a fluid length, which is less than the fluid length or
passages defined by the plurality of holes of the at least one inner ring, which is less than

the fluid length of passages defined by plurality of holes of the outer ring.

6. A pipe assembly according to Claim 1, characterized in that said two or more flow

conditioners each comprises:

a first set of integral vanes at least partially following a contour or pattern of an outer

ring of holes; and

a second set of integral vanes at least partially following a contour or pattern of an
inner ring of holes, wherein the second set of integral vanes is recessed or stepped from the

first set of integral vanes.

7. A pipe assembly according to any one of Claims 1-6, characterized in that the two or
more flow conditioners having a stepped configuration are positioned at about 2-10 pipe

diameters apart.

8. A pipe assembly according to any one of Claims 1-6, further characterized by at least

one pressure transmitter.

9. A pipe assembly according to any one of Claims 1-6, further characterized by a

flange connection surrounding a body of a flow conditioner.

10. A pipe assembly according to any one of Claims 1-6, further characterized by a flow

meter downstream of the two or more flow conditioners having a stepped configuration.

13



11. A pipe assembly according to any one of Claims 1-6, further characterized in that the
two or more flow conditioners having a stepped configuration each have a thickness of about
0.05D to 0.5D, wherein D is the diameter of the fluid flow pipe.

12. A method for reducing fluid swirl and noise in a pipeline, characterized by installing
two or more flow conditioners each having a stepped configuration in a pipeline assembly
according to any one of Claims 1-6, said two or more flow conditioners being positioned at
about 2-10 pipe diameters apart in an orientation substantially perpendicular to an axis of

said pipeline.

13. A method according to Claim 12, further characterized by installing at least one
pressure transmitter upstream of, downstream of, or between the two or more flow

conditioners each having a stepped configuration.

14. A pipe assembly according to any one of Claims 1-6, wherein the two or more flow

conditioners are installed apart at different flanges that are in series in the pipeline.
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