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APPARATUS AND METHOD FOR REGULATING FLOW FROM A
GEOLOGICAL FORMATION

ABSTRACT

Systems and apparatuses for regulating a multi-phase fluid stream flowing from a subterranean
geological formation, and related methods are described herein. The system and apparatus
generally include a conduit defining a flow path for the fluid stream, the conduit further
defining a first restriction having a throat portion, and the conduit further defining a first return
path including an inlet positioned downstream of the first restriction and an outlet positioned
upstream of the inlet of the first return path. Related methods include placing the apparatus or

system within a wellbore conduit defined by a wellbore.
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1
APPARATUS AND METHOD FOR REGULATING FLOW FROM A
GEOLOGICAL FORMATION

Field

[0001] This application is a divisional application of Australian patent application no.
2018304477, which is a National Phase Entry of PCT application no. PCT/US2018/043115
(published as WO 2019/018781), each of which is expressly incorporated herein by reference in

their entirety.

[0002] This application claims priority to United States Provisional Patent Application Serial
No. 62/535,530, filed on July 21, 2017, which is expressly incorporated herein by reference in

its entirety.

Background

[0003] The present disclosure relates to apparatuses, systems and methods for regulating the
flow of fluid streams from geological formations. More specifically, the present disclosure
relates to apparatuses and systems for regulating a multi-phase fluid stream flowing from a

subterranean geological formation, and related methods.

[0004] Multi-phase flow is the simultaneous flow of more than one fluid phase (i.e., liquid, gas,
or solid). Certain drilling operations produce both oil and gas from a subterranean geological
formation, and often produce water. Consequently, multi-phase fluid flowing from such
formations is generally a liquid, comprising more than one phase, such as water- or oil-based

liquids, solid material or gas.

[0005] The expansion of shale fracking completion processes has created certain situations
which can cause slugging events during lift processes, due to the prevalence of gas migration in
the well bore. For example, in wells with long laterals, a pump is normally placed in a vertical or
inclined portion of the wellbore to increase the pressure of the fluid and encourage the flow of

the fluid stream to the surface.

[0006] When producing from these wells, the long laterals can create slug flow in the well bore.

Slug flow is a multi-phase fluid flow regime characterized by a series of liquid plugs separated
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by a relatively large gas pocket. For example, slug flow in the vertical or inclined portion of the
wellbore is typically a gas pocket, in an axially symmetrical bullet shape, that can occupy almost
the entire cross-sectional area of the conduit. In other words, the resulting flow alternates

between high-liquid and high-gas composition.

[0007] Although some pumps have been designed to pump fluid streams having slug flow, such
systems are limited in the volume that they can produce. If the volume of the gas pockets
exceeds the volume the pump can accommodate, then the pump can gas lock. For example, some
pumps used in connection with fluid streams having a high gas/liquid oil ratio (GOR) have
attempted to address this problem by compressing the gas back into the liquid at the intake of the
pump. However, these pumps have limited success because they are often limited by the gas
volume fraction (GVF) (i.e., the ratio of the gas volumetric flow rate to the total volumetric flow
rate of all fluids). For example, most systems can work with a GVF in a range up to about 60%
or 70%, but often become gas locked when slugs travel to the pump intake and deliver fluid

having a GVF higher than the above mentioned range.

[0008] Contained herein is a disclosure directed to resolving, or at least reducing, one or more of

the problems mentioned above, or other problems that may exist in the art.

Summary of Invention

[0009] The present disclosure relates to apparatuses and systems for regulating a multi-phase

fluid stream flowing from a subterranean geological formation, and related methods.

[0009A] In an aspect, the present invention provides an apparatus for regulating a fluid stream
flowing from a subterranean geological formation, the apparatus comprising: a conduit defining
at least part of a flow path for the fluid stream flowing from the subterranean geological
formation to a ground surface, the conduit comprising: a first venturi nozzle having a monolithic
body comprising: a converging portion, a diverging portion, a throat portion between the
converging portion and the diverging portion, and an end portion positioned downstream of the
diverging portion along the flow path, the end portion having a substantially uniform inner
diameter, the throat portion having a first wall and the end portion having a second wall, the

monolithic body comprising a varying thickness that increases along the converging portion in a
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direction toward the throat portion, and the varying thickness decreases along the diverging
portion in a direction away from the throat portion, and an outer sleeve disposed outwardly of the
monolithic body and coupled to the monolithic body to define a first return path between the
monolithic body and the outer sleeve, the first return path including an inlet positioned
downstream of the throat portion along the flow path and an outlet positioned upstream of the
inlet of the first return path along the flow path, the inlet comprising a plurality of inlet ports
extending through the second wall of the end portion, and extending from the flow path and to
the first return path such that a portion of the fluid stream flowing from the inlet to the outlet
enters the plurality of inlet ports from the flow path and enters the first return path from the
plurality of inlet ports, the outlet comprising a plurality of return ports extending through the first
wall of the throat portion and from the first return path and to the throat portion such that the
portion of the fluid stream flowing from the inlet to the outlet enters the plurality of return ports
from the first return path and enters the throat portion from the plurality of return ports; and
wherein the first return path is sized and configured to permit the portion of the fluid stream to
flow from the inlet to the outlet when the fluid stream flows through the apparatus thereby
reducing a gas volume fraction of the fluid stream flowing downstream of the apparatus along
the flow path as compared to a gas volume fraction of the fluid stream upstream of the throat

portion along the flow path.

[0009B] In another aspect, the present invention provides a method for regulating a fluid stream
flowing from a subterranean geological formation, the method comprising: placing an apparatus
within a wellbore conduit defined by a wellbore, wherein the apparatus comprises a conduit
defining at least part of a flow path for the fluid stream flowing from the subterranean geological
formation to a ground surface, the conduit comprising: a first venturi nozzle having a monolithic
body comprising: a converging portion, a diverging portion, a throat portion between the
converging portion and the diverging portion, and an end portion positioned downstream of the
diverging portion along the flow path, the end portion having a substantially uniform inner
diameter, the throat portion having a first wall and the end portion having a second wall, the
monolithic body comprising a varying thickness that increases along the converging portion in a
direction toward the throat portion, and the varying thickness decreases along the diverging
portion in a direction away from the throat portion, and an outer sleeve disposed outwardly of the
monolithic body and coupled to the monolithic body to define a first return path between the

monolithic body and the outer sleeve, the first return path including an inlet positioned
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downstream of the first venturi nozzle along the flow path and an outlet positioned upstream of
the inlet of the first return path along the flow path, the inlet comprising a plurality of inlet ports
extending through the second wall of the end portion, and extending from the flow path and to
the first return path such that a portion of the fluid stream flowing from the inlet to the outlet
enters the plurality of inlet ports from the flow path and enters the first return path from the
plurality of inlet ports, the outlet comprising a plurality of return ports extending through the first
wall of the throat portion and from the first return path and to the throat portion such that the
portion of the fluid stream flowing from the inlet to the outlet enters the plurality of return ports
from the first return path and enters the throat portion from the plurality of return ports, wherein
the first return path is sized and configured to permit the portion of the fluid stream to flow from
the inlet to the outlet when the fluid stream flows through the apparatus thereby reducing a gas
volume fraction of the fluid stream flowing downstream of the apparatus along the flow path as
compared to a gas volume fraction of the fluid stream upstream of the throat portion along the

flow path.

[0009C] In another aspect, the present invention provides a system for regulating a fluid stream
flowing from a subterranean geological formation, the system comprising: an apparatus
comprising a conduit defining at least part of a flow path for the fluid stream flowing from the
subterranean geological formation to a ground surface, the conduit comprising: a first venturi
nozzle having a monolithic body comprising: a converging portion, a diverging portion, and a
throat portion between the converging portion and the diverging portion, an end portion
positioned downstream of the diverging portion along the flow path, the end portion having a
substantially uniform inner diameter, the throat portion having a first wall and the end portion
having a second wall, the monolithic body comprising a varying thickness that increases along
the converging portion in a direction toward the throat portion, and the varying thickness
decreases along the diverging portion in a direction away from the throat portion, and an outer
sleeve disposed outwardly of the monolithic body and coupled to the monolithic body to define a
first return path between the monolithic body and the outer sleeve, the first return path including
an inlet positioned downstream of the throat portion along the flow path and an outlet positioned
upstream of the inlet along the flow path, the inlet comprising a plurality of inlet ports extending
through the second wall of the end portion, and extending from the flow path and to the first
return path such that a portion of the fluid stream flowing from the inlet to the outlet enters the

plurality of inlet ports from the flow path and enters the first return path from the plurality of
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inlet ports, the outlet comprising a plurality of return ports extending through the first wall of the
throat portion and from the first return path and to the throat portion such that the portion of the
fluid stream flowing from the inlet to the outlet enters the plurality of return ports from the first
return path and enters the throat portion from the plurality of return ports, wherein the first return
path is sized and configured to permit the portion of the fluid stream to flow from the inlet to the
outlet when the fluid stream flows through the apparatus thereby reducing a gas volume fraction
of the fluid stream flowing downstream of the apparatus along the flow path as compared to a

gas volume fraction of the fluid stream upstream of the throat portion along the flow path.

[0010] Also disclosed herein is an apparatus for regulating a fluid stream flowing in a wellbore,
the apparatus comprising: a conduit defining at least part of a flow path for the fluid stream
flowing through the apparatus, the conduit comprising a venturi nozzle, wherein the venturi
nozzle comprises: a converging portion, a diverging portion, and a throat portion between the
converging portion and the diverging portion; wherein the fluid stream flows through the venturi
nozzle to reduce a pressure of the fluid stream in the throat portion and increase a velocity of the
fluid stream in the throat portion thereby reducing a gas volume fraction of the fluid stream
flowing downstream of the apparatus along the flow path as compared to a gas volume fraction

of the fluid stream upstream of the throat portion along the flow path.

[0011] Further disclosed herein is a method for regulating a fluid stream, the method comprising:
flowing the fluid stream through an apparatus, wherein the apparatus comprises a conduit
defining at least part of a flow path for the fluid stream flowing through the apparatus, the
conduit comprising a venturi nozzle, wherein the venturi nozzle comprises: a converging portion,
a diverging portion, and a throat portion between the converging portion and the diverging
portion; reducing a pressure of the fluid stream and increasing a velocity of the fluid stream as
the fluid stream flows through the converging portion and into the throat portion; increasing the
pressure of the fluid stream and reducing the velocity of the fluid stream as the fluid stream
flows into the diverging portion; and reducing a gas volume fraction of the fluid stream flowing
downstream of the apparatus along the flow path as compared to a gas volume fraction of the

fluid stream upstream of the throat portion along the flow path.
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[0012] Further disclosed herein is a system for regulating a fluid stream flowing in a wellbore,
the system comprising: an apparatus comprising a conduit defining at least part of a flow path for
the fluid stream flowing through the apparatus, the conduit comprising a venturi nozzle, wherein
the venturi nozzle comprises: a converging portion, a diverging portion, and a throat portion
between the converging portion and the diverging portion, wherein the fluid stream flows
through the venturi nozzle to reduce a pressure of the fluid stream in the throat portion and
increase a velocity of the fluid stream in the throat portion thereby reducing a gas volume
fraction of the fluid stream flowing downstream of the apparatus along the flow path as
compared to a gas volume fraction of the fluid stream upstream of the throat portion along the

flow path; and a pump positioned downstream of the apparatus along the flow path.

[0013] Also disclosed herein is an apparatus for regulating a multi-phase fluid stream flowing
from a subterranean geological formation. The apparatus comprises a conduit defining a flow
path for the fluid stream. The conduit further defines a first restriction having a throat portion,
and also defines a first return path including an inlet positioned downstream of the first
restriction and an outlet positioned upstream of the inlet of the first return path. The first return
path is sized and configured to permit at least a portion of the fluid stream to flow from the inlet
to the outlet when the fluid stream flows through the apparatus thereby reducing a gas volume
fraction of the fluid stream flowing downstream of the apparatus as compared to a gas volume

fraction of the fluid stream upstream of the first restriction.
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[0014] One or more embodiments include the apparatus of the preceding paragraph, wherein the
gas volume fraction of the fluid stream flowing downstream of the apparatus is less than or

equal to about 0.30.

[0015] One or more embodiments include the apparatus of any preceding paragraph, wherein
the outlet of the first return path is positioned at or near the throat portion of the first restriction
$0 as to cause the portion of the fluid stream to flow from the inlet to the outlet of the first return

path.

[0016] One or more embodiments include the apparatus of any preceding paragraph, wherein

the first restriction is a convergent-divergent nozzle.

[0017] Another embodiment provides the apparatus of any preceding paragraph, wherein the

conduit further defines at least a second restriction positioned downstream of the first restriction.

[0018] One or more embodiments include the apparatus of the preceding paragraph, wherein the
outlet of the first return path is positioned at or near, either the throat portion of the first
restriction or a throat portion of the second restriction, so as to cause the portion of the fluid

stream to flow from the inlet to the outlet of the first return path.

[0019] One or more embodiments include the apparatus of the preceding paragraph, wherein the

second restriction is a convergent-divergent nozzle.

[0020] One or more embodiments include the apparatus of any preceding paragraph, wherein
the conduit further defines at least a second return path including an inlet positioned
downstream of the first restriction, and an outlet positioned upstream of the inlet of the second

return path.

[0021] One or more embodiments include the apparatus of any preceding paragraph, wherein
the outlet of the second return path is positioned at or near, either the throat portion of the first
restriction or the throat portion of the second restriction, so as to cause the portion of the fluid

stream to flow from the inlet to the outlet of the second return path.
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[0022] Also disclosed herein is a system including the apparatus of any preceding paragraph. In
one or more aspects the system further comprises a pump positioned downstream of the

apparatus.

[0023] One or more embodiments include the system of the preceding paragraph further
comprising a first phase separator positioned downstream of the first restriction and upstream of
the pump, wherein the phase separator is sized and configured to separate at least a portion of a

gas from the fluid stream.

[0024] One or more embodiments include the system of the preceding paragraph wherein the
first phase separator is a gravity type separating device. One or more aspects of the invention
include the system of any preceding paragraph, further comprising a second phase separator
positioned upstream of the first restriction, wherein the phase separator is sized and configured

to separate at least a portion of solid materials from the fluid stream.

[0025] Also disclosed herein is a method comprising placing an apparatus or system of any
preceding paragraph within a wellbore conduit defined by a wellbore so as to regulate a gas

volume fraction of a multi-phase fluid stream flowing therethrough.

[0026] While multiple embodiments are disclosed, still other embodiments will become
apparent to those skilled in the art from the following detailed description. As will be apparent,
certain embodiments, as disclosed herein, are capable of modifications in various obvious
aspects, all without departing from the spirit and scope of the claims as presented herein.
Accordingly, the drawings and detailed description are to be regarded as illustrative in nature

and not restrictive.

Brief Description of Drawings

[0027] The claimed subject matter may be understood by reference to the following description
taken in conjunction with the accompanying figures, in which like reference numerals identify

like elements, and in which:

[0028] Figure 1 illustrates a cross sectional view of an embodiment of an apparatus in

accordance with this disclosure.
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[0029] Figure 2 illustrates a cross sectional view of an embodiment of an apparatus in

accordance with this disclosure.

[0030] Figure 3A illustrates an embodiment of a system having an apparatus in accordance with

this disclosure.

[0031] Figure 3B illustrates a cross sectional view of the embodiment of the system illustrated

in Figure 3A.

[0032] Figure 4 illustrates a portion of the system illustrated in Figure 3B.

[0033] Figure 5 illustrates a magnified view of a portion of the system illustrated in Figure 4.

[0034] Figure 6 illustrates an embodiment of an apparatus in accordance with this disclosure.

[0035] Figure 7 illustrates an embodiment of an apparatus in accordance with this disclosure.

[0036] Figure 8 illustrates a portion of the system illustrated in Figure 3B.

[0037] Figure 9 illustrates a magnified view of a portion of the system illustrated in Figure 8.

[0038] The accompanying drawings illustrate specific embodiments. However, it is to be
understood that these embodiments are not intended to be exhaustive, nor limiting of the
disclosure. These specific embodiments are but examples of some of the forms in which the
disclosure may be practiced. Like reference numbers or symbols employed across the several

figures are employed to refer to like parts or components illustrated therein.

Description of Embodiments

[0039] Disclosed herein are systems and apparatuses for regulating a multi-phase fluid stream
flowing from a subterranean geological formation, and related methods. With reference initially
to Figures 1 and 2, an apparatus 100 adapted to enable regulation of a multi-phase fluid stream

flowing from a subterranean geological formation is illustrated.

[0040] The apparatus 100 comprises a conduit 101, such as piping or tubing, that defines a flow

path for the fluid stream. The apparatus 100 includes an upstream end portion 102 and a
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downstream end portion 103 adapted to permit attachment (e.g., by threaded attachment) to
other equipment. The conduit 101 further defines a first restriction 110 having a throat portion
111. The conduit 101 further defines a first return path 120 including an inlet 121 positioned
downstream of the first restriction 110, and an outlet 122 positioned upstream of the inlet of the

first return path 120.

[0041] The first restriction 110 and the first return path 120 are sized and configured to permit
at least a portion of the fluid stream to flow from the inlet 121 to the outlet 122 of the first return
path 120. When the fluid stream flows through the first restriction 110, a low pressure zone is
generated, relative to the pressure of the fluid stream upstream of the throat portion 111, and
downstream of the throat portion 111. The low pressure zone is located at or near the throat
portion 111 of the first restriction 110. In one or more embodiments, the outlet 122 of the first
return path is positioned at or near the throat portion 111 of the first restriction 110. Thus, when
the fluid stream flows through the apparatus 100, the low pressure zone creates a sufficient
pressure differential between the fluid stream at the inlet of the return path 121 and the fluid
stream at the outlet of the return path 122 so as to cause at least a portion of the fluid stream to
flow from the inlet 121 through the outlet 122 of the first return path 120, and into the low

pressure zone at or near the throat portion 111 of the first restriction 110.

[0042] The first restriction 110 can compress a gas portion of the fluid stream as it flows
through the low pressure zone produced at or near the throat of the first restriction 110. The
velocity of the fluid stream should be at its highest in the apparatus 100 at the low pressure zone
thereby producing a mixing region within the apparatus 100 where the portion of the fluid
flowing through the first return path 120 enters the low pressure zone thereby mixing with fluid
stream flowing through the first restriction 110. Thus, when the portion of the fluid flowing
through the first return path 120 has a lower gas volume fraction than that of the fluid stream
entering the first restriction 110, the gas volume fraction of the fluid stream flowing from the
apparatus is reduced as compared to a gas volume fraction of the fluid stream upstream of the
first restriction 110 (i.e., slug flow is reduced). In this manner, the gas volume fraction of the
fluid stream flowing from the apparatus 100 is reduced to an amount that prevents or reduces the
likelihood of a pump positioned downstream from the apparatus from gas locking. For example,
the gas volume fraction of the fluid stream flowing downstream of the apparatus 100 is

preferably less than or equal to about 0.40, and more preferably less than or equal to about 0.30.
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[0043] In another aspect of the invention, the apparatus 100 can further comprise one or more
additional return paths 120, which can be sized, configured, and operated in the same or similar
fashion as the first return path described above. For example, in one or more embodiments and
as illustrated in Figures 1 and 2, the conduit 111 of the apparatus 100 can further define at least
a second return path including an inlet positioned downstream of the first restriction, and an
outlet positioned upstream of the inlet of the second return path (e.g., at or near the throat

portion of the first restriction).

[0044] Similarly, in another aspect of the invention, the apparatus can further comprise one or
more additional restrictions 110, which can be sized, configured, and operated in the same or
similar fashion as the first restriction described above. For example, in one or more
embodiments and as illustrated in Figure 2, the conduit 101 can further define at least a second
restriction positioned downstream of the first restriction. The conduit 111 can further comprise
at least a second return path including an inlet positioned downstream of the first restriction, and
an outlet positioned upstream of the inlet of the second return path. For example, the outlet of
the second return path can be positioned at or near, either the throat portion 111 of the first
restriction 110 or the throat portion of the second restriction, so as to cause the portion of the

fluid stream to flow from the inlet to the outlet of the second return path.

[0045] The number of return paths and/or restrictions present in the apparatus 100 generally
depend on the desired gas volume fraction for the fluid flowing from the apparatus 100,
characteristics of the geological formation and the fluid flowing therefrom, and so forth. Thus,
for geological formations having fluid streams with a high gas volume fraction (e.g., intermittent
gas volume fraction approaching 1), the apparatus 100 should generally include more
restrictions and/or return paths to achieve the desired gas volume fraction for the fluid stream
exiting the apparatus, than an apparatus used in geological formations with fluid streams having

a lower gas volume fraction.

[0046] While dimensions are not necessarily a limitation upon the invention, the first restriction
110 of the apparatus 100 is preferably sized and configured to have a flow area that is about
10% less than the flow area of the portion of the conduit 111 upstream of the first restriction
110. In a case where the apparatus 100 comprises more than one restriction, the flow area for
each additional restriction is preferably reduced by about an additional 10%. Thus, for example,

in an apparatus 100 having two or more restrictions positioned in series, the first restriction has a
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flow area that is about 10% of the flow area conduit upstream of the first restriction, and the
second restriction has a flow area that is about 20% less than the flow area of the conduit
upstream of the first restriction. In such a case, each restriction with a restriction preceding it
should be positioned a distance from that preceding restriction of about 5 to 10 times greater
than the inside diameter of the throat portion of the preceding restriction. For example, if the
apparatus has two restrictions, the second restriction is positioned a distance that is about 5 to 10

times larger than the inside diameter of the throat potion of the first restriction.

[0047] Suitable types of restrictions that can be used as the one or more restrictions of the
apparatus include without limitation a nozzle, which comprises a converging portion upstream
of the throat portion, the throat portion, and a diverging portion downstream of the throat
portion, such as a convergent-divergent nozzle, a venturi nozzle, and so forth. In a further
embodiment, the one or more restrictions can be configured to telescope into a body assembly
with a spring counter balance used to maintain a regulated pressure drop and velocity regulation
within each restriction in the body assembly. In still other embodiments, the one or more

restrictions can be configured as an orifice plate.

[0048] The one or more return paths can be used in several different configurations including
without limitation a pathway defined by a wall of the conduit of the apparatus, externally

mounted capillary tube or piping conduit, and so forth.

[0049] In another aspect of the invention, the apparatus 100 can further comprise a mixing
device positioned downstream from each of the one or more restrictions (e.g., downstream of the
first restriction and second restriction). In this manner, the fluid stream flowing through the
apparatus and one or more restrictions can be subjected to further mixing action. Suitable
mixing devices include without limitation a helix mixing device (as shown in Figure 6), and a

baffle plate with holes (as shown in Figure 7).

[0050] While dimensions are not necessarily a limitation upon the invention, the typical
dimensions of the apparatus used in down hole applications will have an overall average
diameter in the range of about 3.75 to about 5.62 inches, although other dimensions are
conceivable and could suffice under some circumstances, as one of skill in the art can appreciate
given the benefit of this disclosure. Generally speaking, the overall apparatus length can vary

widely, but typically should be about 20 feet.
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[0051] Another aspect of the invention provides a system 200 for regulating a multi-phase fluid
stream flowing from a subterranean geological formation. The system 200 comprises an
apparatus 100 as described above, and can further comprise a pump 310 fluidly connected to the
apparatus 100, and positioned downstream of the apparatus 100. Suitable types of pumps

include without limitation electric submersible pumps (ESPs), rod pumps, and so forth.

[0052] The system 200 can further comprise a first phase separator 220 fluidly connected to the
apparatus, and positioned downstream of the apparatus 100 and upstream of the pump 210. The
first phase separator 220 is sized and configured to separate at least a portion of a gas from the
fluid stream. For example, the first phase separator can be a gravity type separating device
configured to force fluid out of the separating device to permit lighter fluids (e.g., gas) to travel
to the surface. In one or more embodiments, the first phase separator 220 has a diameter that is
as large as can be safely accommodated by the well casing to permit adequate spacing and flow
passage, which promotes annular gravity separation as the fluid stream flows from inside to the
outside of the first phase separator 220 through one or more angled flow ports in the body of the
first phase separator 220. The one or more angled flow ports 221 are preferably positioned at
about a 45 degree angle, relative to a longitudinal axis of the first phase separator 220. The first
phase separator 220 can further comprise one or more fluid intake paths 222 (e.g., tubing or
piping conduits) to the pump 210. The first phase separator 220 can further comprise one or
more lips which are located on the exterior body of the first phase separator. The one or more
lips preferably are positioned at an upward angle relative to the longitudinal axis of the first
phase separator body so as to create a more torturous path for the fluid stream flowing through
the first phase separator, as well as a more conducive environment for gravity separation of a
portion of the gas from the fluid stream. For example, in an embodiment, the one or more lips
have an upward angle of about 60 degrees relative to the longitudinal axis of the first phase
separator. Suitable types of separators that can be employed as the first separator include

without limitation an inverted Y-tool and the like.

[0053] The system 200 can further comprise a second phase 230 separator fluidly connected to
the apparatus, and positioned upstream of the first restriction, for example upstream of the
apparatus. The second phase separator 230 is sized and configured to separate at least a portion
of solid materials from the fluid stream. Suitable types of separators that can be employed as the
first separator include without limitation a sand separator and the like. It is further contemplated

that the system 200 can further comprise additional down hole equipment, piping and tubing as
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needed (e.g., cup packers 241, 242, centralizers 243, and so forth), depending upon various
factors including without limitation the characteristics of the geological formation and the

properties of fluid flowing therefrom.

[0054] With reference to Figures 3A, 3B, 4, 5, §, and 9, an embodiment of a system 200 in
accordance with this disclosure is illustrated. It should be appreciated that the embodiment
illustrated in Figures 3A, 3B, 4, 5, 8, and 9 is an illustrative example of a system in accordance
with this disclosure, and is not intended to limit the scope of the invention. As illustrated, the
system 200 comprises an apparatus 100, as described above. The apparatus 100 is fluidly
connected to and positioned upstream from a rod pump 210. The system 200 further comprises a
first phase separator 220, which is a reverse flow gas separator. The first phase separator 220 is
fluidly connected via a threaded connection to the pump 210 and the apparatus 100, and is
positioned between the pump 210 and the apparatus 100. The system 200 further comprises a
cup packer assembly 240, including two cup packers 241, 242 and a centralizer 243. The cup
packer assembly 240 is fluidly connected to the apparatus 100, and positioned upstream from
the apparatus 100. Upstream of the cup packer assembly 240, the system 200 further comprises
a second phase separator 230 fluidly connected to the cup packer assembly 240 (e.g., by
threaded attachment). The second phase separator 230 is also fluidly connected to a
predetermined length of production tubing or piping, which is capped on the end. The function
of the production tubing or piping is to collect the solids materials separated from the fluid
stream by the second phase separator 230 (e.g., sand or other solid materials) by the centrifugal
actions of the operation of the second phase separator 230. The collection is generally
accomplished via the gravity effect of the solid materials while suspended in the well bore fluid
solutions. Normally the produced solids from low drawdown across the horizontal section of a
well bore should be minimal, allowing for solid materials collection over a reasonable life of the

pump 210.

[0055] Another aspect of the invention provides a method of using the apparatuses or systems
described above. In operation, an apparatus 100 as described above, or a system 200 comprising
an apparatus 100 as described above, is placed within a wellbore conduit defined by a wellbore.
A fluid stream from a subterranean geological formation flows into and the apparatus 100 or
system 200. As the fluid stream flow through the apparatus 100 or system 200, the gas volume
fraction of the fluid stream is reduced to an acceptable level so a pump 210 may accommodate

the fluid stream, without experiencing gas lock, and pass the fluid stream towards the ground
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surface. For example, if the gas volume fraction of the fluid stream is about 0.9 as it enters the
apparatus 100 or system 200, then after flowing through the apparatus 100 or system the gas
volume fraction of the fluid stream is reduced to less than about 0.4, more preferably less than
about 0.3. In this manner, the gas volume fraction of the fluid stream flowing from the apparatus
or system is reduced to an amount that prevents or reduces the likelihood of a pump positioned

downstream from the apparatus from gas locking.

[0056] It should be recognized that unless stated otherwise, it is intended that endpoints are to
be interchangeable. Further, any ranges include iterative ranges of like magnitude falling within
the expressly stated ranges or limitations disclosed herein is to be understood to set forth every
number and range encompassed within the broader range of values. It is to be noted that the
terms “range” and “ranging” as used herein generally refer to a value within a specified range

and encompasses all values within that entire specified range.

660

[0057] Except as may be expressly otherwise indicated, the article “a” or “an” if and as used
herein is not intended to limit, and should not be construed as limiting, a claim to a single
clement to which the article refers. Rather, the article “a” or “an” if and as used herein is
intended to cover one or more such elements, unless the text taken in context clearly indicates

otherwise.

[0058] Each and every patent or other publication or published document referred to in any
portion of this specification is incorporated as a whole into this disclosure by reference, as if

fully set forth herein.

[0059] This invention is susceptible to considerable variation in its practice. The particular
illustrative examples which are described with particularity in this specification are not intended
to limit the scope of the invention. Rather, the examples are intended as concrete illustrations of
various features and advantages of the invention, and should not be construed as an exhaustive
compilation of each and every possible permutation or combination of materials, components,
configurations or steps one might contemplate, having the benefit of this disclosure. Similarly,
in the interest of clarity, not all features of an actual implementation of an apparatus, system or
related methods of use are described in this specification. It of course will be appreciated that in
the development of such an actual implementation, numerous implementation-specific decisions

must be made to achieve the developers’ specific goals, such as compliance with system-related
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and economic-related constraints, which may vary from one implementation to another.
Moreover, it will be appreciated that while such a development effort might be complex and
time-consuming, it would nevertheless be a routine undertaking for those of ordinary skill in the
art having the benefit of this disclosure. Therefore, the foregoing description is not intended to
limit, and should not be construed as limiting, the invention to the particular exemplifications

presented hereinabove.



28 Jul 2022

2021203033

14

CLAIMS:

1.

An apparatus for regulating a fluid stream flowing from a subterranean geological

formation, the apparatus comprising:

a conduit defining at least part of a flow path for the fluid stream flowing from the

subterranean geological formation to a ground surface, the conduit comprising:

a first venturi nozzle having a monolithic body comprising:
a converging portion,
a diverging portion,

a throat portion between the converging portion and the diverging portion,

and

an end portion positioned downstream of the diverging portion along the flow path,
the end portion having a substantially uniform inner diameter, the throat portion having a
first wall and the end portion having a second wall, the monolithic body comprising a
varying thickness that increases along the converging portion in a direction toward the
throat portion, and the varying thickness decreases along the diverging portion in a

direction away from the throat portion, and

an outer sleeve disposed outwardly of the monolithic body and coupled to the
monolithic body to define a first return path between the monolithic body and the outer
sleeve, the first return path including an inlet positioned downstream of the throat portion
along the flow path and an outlet positioned upstream of the inlet of the first return path
along the flow path, the inlet comprising a plurality of inlet ports extending through the
second wall of the end portion, and extending from the flow path and to the first return path
such that a portion of the fluid stream flowing from the inlet to the outlet enters the plurality
of inlet ports from the flow path and enters the first return path from the plurality of inlet
ports, the outlet comprising a plurality of return ports extending through the first wall of
the throat portion and from the first return path and to the throat portion such that the
portion of the fluid stream flowing from the inlet to the outlet enters the plurality of return
ports from the first return path and enters the throat portion from the plurality of return

ports; and
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wherein the first return path is sized and configured to permit the portion of the
fluid stream to flow from the inlet to the outlet when the fluid stream flows through the
apparatus thereby reducing a gas volume fraction of the fluid stream flowing downstream
of the apparatus along the flow path as compared to a gas volume fraction of the fluid

stream upstream of the throat portion along the flow path.

2. The apparatus of claim 1, wherein the gas volume fraction of the fluid stream flowing

downstream of the apparatus along the flow path is less than or equal to about 0.40.

3. The apparatus of claim 1, wherein the throat portion of the first venturi nozzle extends
between a downstream end of the converging portion and an upstream end of the diverging portion,
the converging portion of the first venturi nozzle converges inwardly at a converging angle toward
the throat portion, the diverging portion diverges outwardly at a diverging angle from the throat

portion, and each of the converging angle and the diverging angle is an acute angle.

4, The apparatus of claim 1, wherein the conduit further comprises at least a second venturi

nozzle positioned downstream of the first venturi nozzle along the flow path.

5. The apparatus of claim 4, wherein the conduit further comprises at least a second return
path including an inlet positioned downstream of the first venturi nozzle along the flow path, and

an outlet positioned upstream of the inlet of the second return path along the flow path.

6. The apparatus of claim 5, wherein the outlet of the second return path is positioned at or
near, either the throat portion of the first venturi nozzle or the throat portion of the second venturi
nozzle, so as to cause the portion of the fluid stream to flow from the inlet to the outlet of the

second return path.
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7. The apparatus of claim 1, wherein the conduit further comprises at least a second return
path including an inlet positioned downstream of the first venturi nozzle along the flow path, and

an outlet positioned upstream of the inlet of the second return path along the flow path.

8. A method for regulating a fluid stream flowing from a subterranean geological formation,

the method comprising;:

placing an apparatus within a wellbore conduit defined by a wellbore, wherein the
apparatus comprises a conduit defining at least part of a flow path for the fluid stream flowing

from the subterranean geological formation to a ground surface, the conduit comprising;:
a first venturi nozzle having a monolithic body comprising:
a converging portion,
a diverging portion,

a throat portion between the converging portion and the diverging portion,

and

an end portion positioned downstream of the diverging portion along the
flow path, the end portion having a substantially uniform inner diameter, the throat
portion having a first wall and the end portion having a second wall, the monolithic
body comprising a varying thickness that increases along the converging portion in
a direction toward the throat portion, and the varying thickness decreases along the

diverging portion in a direction away from the throat portion, and

an outer sleeve disposed outwardly of the monolithic body and coupled to the
monolithic body to define a first return path between the monolithic body and the outer
sleeve, the first return path including an inlet positioned downstream of the first venturi
nozzle along the flow path and an outlet positioned upstream of the inlet of the first return
path along the flow path, the inlet comprising a plurality of inlet ports extending through
the second wall of the end portion, and extending from the flow path and to the first return
path such that a portion of the fluid stream flowing from the inlet to the outlet enters the
plurality of inlet ports from the flow path and enters the first return path from the plurality
of inlet ports, the outlet comprising a plurality of return ports extending through the first

wall of the throat portion and from the first return path and to the throat portion such that
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the portion of the fluid stream flowing from the inlet to the outlet enters the plurality of
return ports from the first return path and enters the throat portion from the plurality of

return ports,

wherein the first return path is sized and configured to permit the portion of the fluid stream
to flow from the inlet to the outlet when the fluid stream flows through the apparatus thereby
reducing a gas volume fraction of the fluid stream flowing downstream of the apparatus along the
flow path as compared to a gas volume fraction of the fluid stream upstream of the throat portion

along the flow path.

9. The method of claim 8, wherein the gas volume fraction of the fluid stream flowing

downstream of the apparatus along the flow path is less than or equal to about 0.40.

10. The method of claim 8, wherein the conduit further comprises at least a second venturi

nozzle positioned downstream of the first venturi nozzle along the flow path.

11. The method of claim 10, further comprising flowing the fluid stream through the second

venturi nozzle.

12. The method of claim 10, wherein the conduit further comprises a second return path having
an inlet positioned downstream of the throat portion of the first venturi nozzle along the flow path,

and an outlet positioned upstream of the inlet of the second return path along the flow path.

13. The method of claim 12, wherein the second venturi nozzle has a throat portion, a
converging portion upstream of the throat portion of the second venturi nozzle along the flow path,
and a diverging portion downstream of the throat portion of the second venturi nozzle along the

flow path.

14. The method of claim 8, wherein the throat portion of the venturi nozzle extends between a

downstream end of the converging portion and an upstream end of the diverging portion, the



28 Jul 2022

2021203033

18

converging portion of the venturi nozzle converges inwardly at a converging angle toward the

throat portion, the diverging portion diverges outwardly at a diverging angle from the throat

portion, and each of the converging angle and the diverging angle is an acute angle.

15.

A system for regulating a fluid stream flowing from a subterranean geological formation,

the system comprising:

an apparatus comprising a conduit defining at least part of a flow path for the fluid stream

flowing from the subterranean geological formation to a ground surface, the conduit comprising:

a first venturi nozzle having a monolithic body comprising:
a converging portion,
a diverging portion, and
a throat portion between the converging portion and the diverging portion,

an end portion positioned downstream of the diverging portion along the
flow path, the end portion having a substantially uniform inner diameter, the throat
portion having a first wall and the end portion having a second wall, the monolithic
body comprising a varying thickness that increases along the converging portion in
a direction toward the throat portion, and the varying thickness decreases along the

diverging portion in a direction away from the throat portion, and

an outer sleeve disposed outwardly of the monolithic body and coupled to the
monolithic body to define a first return path between the monolithic body and the outer
sleeve, the first return path including an inlet positioned downstream of the throat portion
along the flow path and an outlet positioned upstream of the inlet along the flow path, the
inlet comprising a plurality of inlet ports extending through the second wall of the end
portion, and extending from the flow path and to the first return path such that a portion of
the fluid stream flowing from the inlet to the outlet enters the plurality of inlet ports from
the flow path and enters the first return path from the plurality of inlet ports, the outlet
comprising a plurality of return ports extending through the first wall of the throat portion
and from the first return path and to the throat portion such that the portion of the fluid
stream flowing from the inlet to the outlet enters the plurality of return ports from the first

return path and enters the throat portion from the plurality of return ports, wherein the first
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return path is sized and configured to permit the portion of the fluid stream to flow from
the inlet to the outlet when the fluid stream flows through the apparatus thereby reducing
a gas volume fraction of the fluid stream flowing downstream of the apparatus along the
flow path as compared to a gas volume fraction of the fluid stream upstream of the throat

portion along the flow path.

16. The system of claim 15, further comprising a pump positioned downstream of the apparatus
along the flow path.
17. The system of claim 16, further comprising a first phase separator positioned downstream

of the throat portion along the flow path and upstream of the pump along the flow path, wherein

the first phase separator is sized and configured to separate at least a portion of a gas from the fluid

stream.
18. The system of claim 17, wherein the first phase separator is a gravity type separation
device.
19. The system of claim 17, further comprising a second phase separator positioned upstream

of the throat portion along the flow path, wherein the second phase separator is sized and

configured to separate at least a portion of solid materials from the fluid stream.

20. The system of claim 19, wherein the second phase separator is a sand separator.

Forum US, Inc.
Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON
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