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(57) Abstract: A controlled flow drain having an upper
flange coupled to a lower flange. The upper flange defines
an inlet cavity and the lower flange defines a switl cham-
ber. The inlet cavity and switl chamber are in fluid com-
munication via a swirl nozzle detined within a swirl nozzle
plate that separates the inlet cavity from the swirl chamber.
After separating debris within the drain fluid, the drain flu-
id is accelerated through the switl nozzle and discharged
into the swirl chamber, and more debris is thereby separat-
ed and eventually settles into an annular groove. The drain
fluid may then exit the lower flange via an exit control
passage. The swirl chamber may be flushed with a series
of flushing liquid injection ports symmetrically-arrayed
about the annular groove. Flushing the swirl chamber re-
moves fluidized debris and also remove any built up foul-
ing present on the swirl nozzle and exit control passage.
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FLUSH-ENABLED CONTROLLED FLOW DRAIN

[0001] This application claims priority to U.S. Provisional Patent Application having Serial No.
61/381,423, filed September 9, 2010. This priority application is incorporated herein in its
entirety, to the extent consistent with the present application.

[0002] Motor-compressors are often used in subsea environments to support hydrocarbon
recovery applications. Given the high cost of intervention, subsea motor-compressors are
generally required to be robust, reliable machines that remain efficient over long periods of
uninterrupted service. Operating a motor-compressor in subsea environments, however, can
be challenging for a variety of reasons. For example, subsea machines are typically required
to survive without maintenance intervention in an environment that promotes severe plugging
or fouling and the incidental buildup of liquids in the cavities where the motor and bearing
systems are disposed. To avoid damaging the motor and bearing systems, or interrupting
hydrocarbon production, this liquid has to be periodically, if not continuously, drained from
these liquid-sensitive cavities.

[0003] Draining the liquid, however, promotes fouling of drain orifices and can lead to the
buildup of debris which can eventually clog essential drainage ports. Moreover, draining liquid
buildup is often accompanied by a loss of gas, commonly referred to as "gas carry-under,”
such as cooling fluids or working fluid. The amount of gas carry-under leaking through the
drainage system has a direct impact on the amount of power used by the compressor, and
therefore on the overall efficiency of the compression system.

[0004] In at least one prior drainage system, actively controlled traps or other gas-break
systems are employed to allow liquids to be drained while preventing any gas to be leaked
through the drainage system. Nonetheless, active trap systems that are suitable for subsea
applications are very costly and complex, or otherwise unreliable due to a significant part
count.

[0005] Other control flow drainage systems employ passive, limited-flow drain devices. Such
devices use a type of flow restrictor or throttle configured to limit undesirable gas egress while
allowing all liquids to drain out of the cavities to an appropriate liquid tolerant portion of the
system. For these types of systems, however, a minimum flow restrictor size is required,

especially where plugging or fouling of the flow restrictor is a concern.
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[0006] Another type of control flow drainage system uses a vortex throttle having a purely
tangential nozzle configured to impart circumferential velocity to the flow. A drain passage is
typically disposed close to the centerline of the vortex throttle, at the bottom of a circular swirl
chamber. These devices enjoy a low flow coefficient due to the dissipation of energy in the
vortex flow set up in the swirl chamber. Although vortex throttles relax the sensitivity of a
passively controlled drain by providing a lower flow coefficient, the flow limiting passages are
still subject to fouling or plugging in severe service. In addition, the typical tangential inlet
topology of the vortex throttle is not amenable to robust, compact construction for high-
pressure subsea applications.

[0007] What is needed, therefore, is a controlled flow drainage system that overcomes these
and other limitations of prior control flow drains.

Summary

[0008] Embodiments of the disclosure may provide a controlled flow drain. The drain may
include an upper flange coupled to a lower flange, the upper flange defining an inlet fluidly
coupled to an upper drain pipe, and the lower flange defining an exit fluidly coupled to a lower
drain pipe. The drain may further include a director orifice fluidly coupled to the inlet of the
upper flange and in fluid communication with an inlet cavity defined within the upper flange,
and a swirl nozzle plate disposed within the upper flange and configured to receive a drain flow
via the inlet and director orifice and accommodate accumulation of debris thereon. The drain
may also include a debris fence coupled to the swirl nozzle plate within the upper flange, a
swirl nozzle defined within the swirl nozzle plate and at least partially surrounded by the debris
fence, the swirl nozzle providing fluid communication between the inlet cavity and a swirl
chamber, and an annular groove fluidly communicable with the swirl chamber and defined
within the lower flange, the annular groove having a series of flushing liquid injection ports
symmetrically-arrayed thereabout. The drain may also include an exit control passage defined
within the drain restrictor and in fluid communication with the exit and the lower drain pipe.
[0009] Embodiments of the disclosure may further provide a method of controlling a drain flow.
The method may include receiving the drain flow into an upper flange coupled to a lower
flange, the upper flange defining an inlet and the lower flange defining an exit, centralizing the
drain flow into an inlet cavity defined within the upper flange, and segregating debris within the
drain flow from a swirl nozzle defined within a swirl nozzle plate, the swirl nozzle providing fluid
communication between the inlet cavity and a swirl chamber defined in the lower flange. The
method may further include accelerating the drain flow through the swirl nozzle to generate a
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vortical fluid flow that forces dense debris within the drain flow to a radially outer extent of the
swirl chamber, and accumulating the dense debris within an annular groove fluidly coupled to
the swirl chamber and defined within the lower flange. The drain flow may then be drained
from the lower flange via an exit control passage.

[0010] Embodiments of the disclosure may further provide another controlled flow drain. The
drain may include an upper flange coupled to a lower flange, the upper flange defining an inlet
fluidly coupled to an upper drain pipe, and the lower flange defining an exit fluidly coupled to a
lower drain pipe. The drain may further include an inlet cavity fluidly coupled to the inlet, a
swirl chamber fluidly coupled to the exit, and a swirl nozzle plate disposed between the inlet
cavity and the swirl chamber and having a debris fence coupled thereto, the debris fence being
disposed within the inlet cavity. The drain may also include a swirl nozzle defined within the
swirl nozzle plate and providing fluid communication between the inlet cavity and the swirl
chamber, and an annular groove defined within the lower flange and in fluid communication
with the swirl chamber, the annular groove having a curved radius defined about its upper
periphery where the annular groove meets the swirl chamber. The drain may also include an
exit control passage defined within lower flange and in fluid communication with the exit and
the lower drain pipe.

Brief Description of the Drawings

[0011] The present disclosure is best understood from the following detailed description when
read with the accompanying Figures. It is emphasized that, in accordance with the standard
practice in the industry, various features are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for clarity of discussion.

[0012] Figure 1 illustrates a cross-sectional view of an exemplary drain, according to one or
more embodiments disclosed.

[0013] Figure 2A illustrates a side view of a debris fence and swirl nozzle, according to one or
more embodiments disclosed.

[0014] Figure 2B illustrates a plan view of a debris fence and swirl nozzle, according to one or
more embodiments disclosed.

[0015] Figure 3 illustrates a cross-sectional isometric view of the drain shown in Figure 1.
[0016] Figure 4 illustrates a close-up cross-sectional view of a portion of the drain shown in
Figure 1, according to one or more embodiments of the disclosure.

[0017] Figure 5 illustrates a schematic method of controlling a drain flow, according to one or

more embodiments of the disclosure.
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Detailed Description

[0018] It is to be understood that the following disclosure describes several exemplary
embodiments for implementing different features, structures, or functions of the invention.
Exemplary embodiments of components, arrangements, and configurations are described
below to simplify the present disclosure; however, these exemplary embodiments are provided
merely as examples and are not intended to limit the scope of the invention. Additionally, the
present disclosure may repeat reference numerals and/or letters in the various exemplary
embodiments and across the Figures provided herein. This repetition is for the purpose of
simplicity and clarity and does not in itself dictate a relationship between the various exemplary
embodiments and/or configurations discussed in the various Figures. Moreover, the formation
of a first feature over or on a second feature in the description that follows may include
embodiments in which the first and second features are formed in direct contact, and may also
include embodiments in which additional features may be formed interposing the first and
second features, such that the first and second features may not be in direct contact. Finally,
the exemplary embodiments presented below may be combined in any combination of ways,
i.e., any element from one exemplary embodiment may be used in any other exemplary
embodiment, without departing from the scope of the disclosure.

[0019] Additionally, certain terms are used throughout the following description and claims to
refer to particular components. As one skilled in the art will appreciate, various entities may
refer to the same component by different names, and as such, the naming convention for the
elements described herein is not intended to limit the scope of the invention, unless otherwise
specifically defined herein. Further, the naming convention used herein is not intended to
distinguish between components that differ in name but not function. Additionally, in the
following discussion and in the claims, the terms "including" and "comprising” are used in an
open-ended fashion, and thus should be interpreted to mean "including, but not limited to." All
numerical values in this disclosure may be exact or approximate values unless otherwise
specifically stated. Accordingly, various embodiments of the disclosure may deviate from the
numbers, values, and ranges disclosed herein without departing from the intended scope.
Furthermore, as it is used in the claims or specification, the term "or" is intended to encompass
both exclusive and inclusive cases, i.e., "A or B" is intended to be synonymous with "at least
one of A and B," unless otherwise expressly specified herein.

[0020] Figure 1 illustrates a cross-sectional view of an exemplary controlled flow drain 100,
according to one or more embodiments disclosed herein. The drain 100 may be used to
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remove unwanted fluids and/or contaminants away from one or more contamination-sensitive
cavities within a turbomachine (not shown), such as a motor-compressor. The drain 100 may
be configured to simultaneously limit or otherwise preclude undesirable exiting of gas from the
contamination-sensitive cavities. In atleast one embodiment, the drain 100 may be employed
in conjunction with a subsea motor-compressor configured to receive and compress a working
fluid, such as a hydrocarbon gas, including but not limited to natural gas or methane.

[0021] The drain 100 may be embedded or otherwise defined within a modified high-pressure
pipe flange, including an upper flange 102 and a lower flange 104. In at least one
embodiment, the upper and lower flanges 102, 104 may form a single-piece pipe flange. In the
depicted embodiment, however, the upper and lower flanges 102, 104 may be coupled
together as known by those skilled in the art, such as by mechanical fasteners (i.e., bolts),
welding, brazing, or combinations thereof. An annular seal 103 may be disposed between the
flanges 102, 104 and configured to sealingly engage the flanges 102, 104, thereby creating a
fluid-tight seal therebetween. In one embodiment, the annular seal 103 may be an O-ring, but
may also include other types of seals without departing from the scope of the disclosure.
[0022] The upper and lower flanges 102, 104 may be coupled to upper and lower drain pipes
(not shown), respectively, of the accompanying turbomachine in order to channel and remove
the unwanted fluids and/or contaminants from the liquid-sensitive cavities within the
turbomachine. The unwanted fluids and/or contaminants may include liquids, such as water or
hydrocarbon-based liquids, but may also include gases derived from the interior of the
contamination-sensitive cavities described above.

[0023] To minimize plugging, the connecting upper and lower drain pipes may provide at least
four times the flow area of the drain 100. In at least one embodiment, the connecting upper
and lower drain pipes provide ten or more times the flow area of the drain 100. As depicted,
the drain 100 may be oriented with respect to gravity having an inlet 106 at its upper extent
defined within the upper flange 102, and an exit 108 at its bottom extent defined within the
lower flange 104. Accordingly, drain fluid flow proceeds in a generally axial direction with
respect to the drain's axis of symmetry Q, and as depicted by arrows A and B.

[0024] As the drain flow enters the inlet 106, it is directed through a director orifice 110
configured to centralize the incoming drain flow and direct it into an inlet cavity 112 and
subsequently to the center of a succeeding swirl nozzle plate 114. The inlet cavity 112 may be
an axisymmetric, profiled cavity formed within the upper flange 102 and partially defined at its
base by the upper surface of the swirl nozzle plate 114. As the inlet cavity 112 receives the



WO 2012/033632 PCT/US2011/048652

drain flow, particulate contamination or debris 116 contained within the drain flow is deposited
or otherwise collected on the upper surface of the swirl nozzle plate 114. Typical debris 116
can include metallic pieces, rust, rock, sand, corrosion particles, sediment deposits, and/or
combinations thereof.

[0025] A debris fence 118 is disposed within the inlet cavity 112 and may be welded to or
otherwise milled into the swirl nozzle plate 114. As shown and described below with reference
to Figures 2A and 2B, the debris fence 118 may surround a nozzle inlet 204 of a swirl nozzle
202. In operation, the debris fence 118 is at least partially configured to segregate the swirl
nozzle 202 inlet area 204 from the debris 116 accumulating on the upper surface of the swirl
nozzle plate 114. At the same time, the debris fence 118 allows drainage fluids to flow over
the top of the debris fence 118 and into the swirl nozzle 202. Accordingly, the swirl nozzle 202
may provide fluid communication between the inlet cavity 112 and a swirl chamber 120, as will
be described below.

[0026] Referring to Figures 2A and 2B, illustrated is the swirl nozzle 202 having a nozzle inlet
204 and a nozzle outlet 206. Figure 2A depicts a side view of the swirl nozzle 202 and Figure
2B depicts a plan view of the swirl nozzle 202. As illustrated, the swirl nozzle 202 may be
defined or otherwise formed in the swirl nozzle plate 114, and the debris fence 118 may at
least partially surround the nozzle inlet 204. The swirl nozzle 202 may include a prismatic
cylindrical passage having a central axis R.

[0027] In one or more embodiments, the swirl nozzle 202 may be defined or otherwise
arranged using compound declination angles. For example, as shown in Figure 2A, the central
axis R of the swirl nozzle 202 may be arranged at an angle a with respect to the horizontal X
axis, thereby imparting a downward pitch to the swirl nozzle 202 with respect to horizontal. In
at least one embodiment, the angle a may be about 20° or less. Moreover, as shown in Figure
2B, the swirl nozzle 202 may be further arranged at an angle 3 with respect to the Z axis,
thereby positioning the central axis R at an angle 3 with respect to a tangential discharge pitch
circle in the radial plane. In other words, disposing the central axis R at an angle 3 effectively
rotates the central axis R away from a purely tangential discharge position with respect to the
sub-regions disposed below the swirl nozzle plate 114. In atleast one embodiment, the angle
B may be about 15°. As will be appreciated, however, the angle B may be adjusted in
accordance with the desired diameter of the swirl nozzle 202. Accordingly, a broad range of
diameters for the swirl nozzle 202 may be had simply by adjusting the angle (3.
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[0028] The use of double compound declination angles a and (3 allow for a compact geometry
with both the nozzle inlet 204 and outlet 206 of the swirl nozzle 202 being contained within the
same concentric circular boundary. Such a design maintains over 90% of the theoretical
tangential swirl velocity as compared to the bulkier prior art designs described above that use
a purely tangential swirl nozzle design.

[0029] In one or more embodiments, the overall thickness T (Figure 2A) of the swirl nozzle
plate 114 allows for the fully-cylindrical portion of the swirl nozzle 202 between its nozzle inlet
204 and outlet 206 breakout regions to be approximately equal to the nozzle 202 passage
diameter in length. When concern about gas carry-under is the controlling constraint, the size
of the swirl nozzle 202 may be fixed at the minimum diameter deemed acceptable by those
skilled in the art for proof against blockage by possible fouling particles and debris. In at least
one embodiment, an industrially-acceptable size of the swirl nozzle 202 may range from about
1/8 inch to about %4 inch in diameter.

[0030] Referring again to Figure 1, the drain 100 may further include a swirl chamber 120
formed or otherwise defined within the lower flange 104, the swirl chamber having its upper
extent defined by the frustoconical, lower surface of the swirl nozzle plate 114 and its lower
extent defined by a drain restrictor 122. The drain restrictor 122 may also have a generally
frustoconical shape and include an exit control passage 124 centrally-defined therein. In at
least one embodiment, the frustoconical, lower surface of the swirl nozzle plate 114 and the
generally frustoconical shape of the drain restrictor 122 may be opposing parallel surfaces that
are slightly angled to mirror each other. In one embodiment, the declination angle of the
frustoconical, lower surface of the swirl nozzle plate 114 and the generally frustoconical shape
of the drain restrictor 122 may be about 10°, but such angle may be modified to suit varying
applications where fluids with differing flow coefficients are used. The frustoconical shape of
the drain restrictor 122 may further generate a low point in the swirl chamber 120 where drain
flow will accumulate and drain via the exit control passage 124. The frustoconical shape may
also prevent incidental buildup of solids and/or liquids on the surface of the drain restrictor 122.
This may be especially important for drainage when liquid is present with little or no pressure
difference imposed across the drain restrictor 122.

[0031] The exit control passage 124 may be configured to minimize through-flow, and therefore
act as a restrictor. In one embodiment, the exit control passage 124 includes sharp edges
adapted to permit liquid drainage therethrough but concurrently control or otherwise restrict
gas carry-under. The exit control passage 124 is in fluid communication with the downstream
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exit 108 discharge, which in turn fluidly communicates with the downstream exit piping system
(not shown). In operation, the amount of flow through exit control passage 124 is generally
controlled by the series combination of the pressure drops required to force the drain fluids
through the swirl nozzle 202, the vortex flow generated by the swirl nozzle 202, and the
general configuration of the exit control passage 124. In at least one embodiment, the
diameter of the exit control passage 124 may be the same as the diameter of the swirl nozzle
202. As will be appreciated, however, the diameter of the exit control passage 124 may be
greater than or less than the diameter of the swirl nozzle 202, without departing from the scope
of the disclosure.

[0032] The swirl chamber 120 may be a generally cylindrical space configured to allow the
drain flow exiting the swirl nozzle 202 (Figures 2A and 2B) to develop into a fully vortical fluid
flow. Several novel features of the geometry of the swirl chamber 120 are directed at
facilitating long service in difficult unattended subsea conditions. For example, in at least one
embodiment, the geometry of the swirl chamber 120 includes a height roughly equal to the
swirl nozzle 202 diameter. As can be appreciated, however, the height of the swirl chamber
120 may be modified to be greater or less than the swirl nozzle 202 diameter, without
departing from the scope of the disclosure. In addition, to minimize the flow coefficient, the
diameter of the swirl chamber 120 may be from about 5 to about 10 times the swirl nozzle 202
diameter.

[0033] Another significant feature of the swirl chamber 120 is the provision for the collection
and removal of debris 116 from the swirl chamber 120 by flushing the debris 116 and any other
fouling matter away from the swirl chamber 120. To accomplish this, the swirl chamber 120
may fluidly communicate with an annular groove 126 and a series of flushing liquid injection
ports 128 (two shown in Figure 1) symmetrically-arrayed about the annular groove 126. As
illustrated, the annular groove 126 may be formed about the drain restrictor 122 on the lower
surface and outer extent of the swirl chamber 120. The flushing liquid injection ports 128 may
be configured to feed a flushing liquid from external piping connections (not shown) into the
swirl chamber 120. In one embodiment, the flushing liquid may be water, but may also include
liquids derived from hydrocarbons or other liquid sources known in the art. Until needed for
flushing, the flushing liquid injection ports 128 are sealed and no fluid flow passes
therethrough.

[0034] The vortical fluid flow exiting the swirl nozzle 202 into the swirl chamber 120 will force

dense debris 116 disposed within the drain flow to the radially outer extent of the swirl
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chamber 120, where the debris 116 eventually settles into the annular groove 126 without
obstructing the general area of swirl chamber 120 itself. At some point, during a duty cycle of
the turbomachine, for example, the debris 116 accumulated within the annular groove 126 may
be flushed out by injecting flushing liquid into the annular groove 126 via the flushing liquid
injection ports 128. When flushing is carried out, the flushing liquid flows uniformly from these
ports 128, pressurizes the swirl chamber 120, and thereby forces accumulated debris 116 out
of the swirl chamber 120 and through the exit control passage 124. As can be appreciated,
pressurizing the swirl chamber 202 may serve to fluidize at least a portion of the solid
contaminants or debris settled in the annular ring 126. Once fluidized, the debris more easily
exits the exit control passage 124.

[0035] The pressurized flushing liquid also serves to remove fouling that may have built up on
the edges of the exit control passage 124. Moreover, because the swirl chamber 120
becomes pressurized, a fraction of the flushing liquid is simultaneously forced through the swirl
nozzle 202 at a significant pressure. Consequently, flushing the swirl chamber 120 also
dislodges debris 116 or fouling matter formed on the swirl nozzle 202, and such dislodged
debris 116 and/or fouling matter can then be removed from the drain 100 via the exit control
passage 124.

[0036] Referring now to Figure 3, illustrated is a cross-sectional isometric view of the drain 100
shown in Figure 1. As such, Figure 3 may be best understood with reference to Figure 1,
where like numerals correspond to like elements and therefore will not be described again in
detail. In exemplary operation, drain fluid enters the drain 100 via the inlet 106, as shown by
arrow C. The director orifice 110 centralizes the incoming drain flow and directs it into the inlet
cavity 112 and the succeeding swirl nozzle plate 114, as shown by arrow D. While the more
dense debris 116 (Figure 1) and other contaminating materials accumulate on the upper
surface of the swirl nozzle plate 114, the less dense fluid flows over the top of the debris fence
118 and toward the swirl nozzle 202, as shown by arrow E.

[0037] As the drain flow channels through the swirl nozzle 202, it is accelerated and develops
into a fully vortical fluid flow within the swirl chamber 120, as shown by arrow F. The vortical
fluid flow exiting the swirl nozzle 202 forces dense debris and other contaminants within the
drain flow to the radially outer extent of the swirl chamber 120 where they eventually settle into
the annular groove 126, as shown by arrow G. By injecting flushing fluid via the flushing liquid
injection ports 128 (one shown in Figure 3), the debris and contaminants are removed or
otherwise flushed from the annular groove 126 and to the frustoconical surface of the drain
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restrictor 122, as shown by arrow H. Flushing the swirl chamber 120 also serves to pressurize
the swirl chamber, thereby forcing drain flow and unwanted contaminants down the exit control
passage 124, as shown by arrow |. In at least one embodiment, a valve (not shown) located
upstream from the inlet 106 to the drain 100 may be closed during flushing operations, thereby
promoting the full pressurization of the drain and the consequential removal of debris 116
(Figure 1) via the exit control passage 124.

[0038] Referring now to Figure 4, illustrated is a partial cross-sectional view of the drain 100,
and in particular a sectional view of the swirl chamber 120 and its interaction or fluid
communication with the annular groove 126. In atleast one embodiment, the upper periphery
of the annular groove 126 where it meets the swirl chamber 120 may include a curved radius
402 about the circumference of the swirl chamber 120. As can be appreciated, the curved
radius 402 may be configured to generally direct any flushed debris or contaminants toward
the exit control passage 124, as shown by arrow J, and minimize potential reverse flow of
collected debris through the swirl nozzle 202, as shown by arrow K.

[0039] It will be appreciated that the drain 100 as generally disclosed herein provides several
advantages. For example, the combination of the inlet flow director orifice 110, the swirl
nozzle plate 114, and the debris fence 116 allow prolonged operation in severe fouling or
plugging service by shunting potential blocking matter away from the smaller downstream flow
control passages, such as the exit control passage 124. Also, the compact topology of the
swirl nozzle 202, including its unique compound angling, allows the drain 100 to be
conveniently contained within a standard piping flange. Moreover, the integration of the
annular ring 126 and uniformly-arrayed flushing liquid injection ports 128 disposed about the
circumference of the annular ring 126 further extends severe service application of the drain
100, especially in subsea applications. Lastly, the conical endwalls on the swirl chamber 120
actively promote gravity assisted liquid drainage when little or no pressure differential exists
across the drain 100, while simultaneously limiting deleterious gas migration through the exit
control passage 124. Accordingly, this present disclosure allows reliable and efficient long-
term operation of subsea devices requiring drainage maintenance.

[0040] Referring now to Figure 5, depicted is a schematic method 500 of controlling a drain
flow. The method 500 may include receiving a drain flow in a drain, as at 502. The drain flow
may include an upper flange coupled to a lower flange, where the upper flange defines an inlet
and the lower flange defines an exit. The drain flow may then be centralized within an inlet

cavity with a director orifice, as at 504. The director orifice may be fluidly coupled to the inlet of

10



WO 2012/033632 PCT/US2011/048652

the upper flange. Any debris within the incoming drain flow may then be segregated from a
swirl nozzle, as at 506. The swirl nozzle may be defined within a swirl nozzle plate and provide
fluid communication between the inlet cavity and a swirl chamber. The swirl chamber may be
defined in the lower flange.

[0041] At least a portion of the drain flow may be accelerated through the swirl nozzle to
generate a vortical fluid flow, as at 508. The vortical fluid flow may be configured to force any
dense debris within the drain flow to a radially outer extent of the swirl chamber. Once
separated from the drain flow, the dense debris may accumulate within an annular groove, as
at 510. The annular groove may be fluidly coupled to the swirl chamber and defined within the
lower flange. The drain flow may then be drained from the lower flange via an exit control
passage, as at 512.

[0042] As used herein, “about” refers to a degree of deviation based on experimental error
typical for the particular property identified. The latitude provided the term “about” will depend
on the specific context and particular property and can be readily discerned by those skilled in
the art. The term “about” is not intended to either expand or limit the degree of equivalents
which may otherwise be afforded a particular value. Further, unless otherwise stated, the term
“about” shall expressly include “exactly,” consistent with the discussion below regarding ranges
and numerical data.

[0043] The foregoing has outlined features of several embodiments so that those skilled in the
art may better understand the present disclosure. Those skilled in the art should appreciate
that they may readily use the present disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes and/or achieving the same
advantages of the embodiments introduced herein. Those skilled in the art should also realize
that such equivalent constructions do not depart from the spirit and scope of the present
disclosure, and that they may make various changes, substitutions and alterations herein
without departing from the spirit and scope of the present disclosure.

11
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Claims
We claim:

1. A controlled flow drain, comprising:

an upper flange coupled to a lower flange, the upper flange defining an inlet fluidly
coupled to an upper drain pipe, and the lower flange defining an exit fluidly coupled to a lower
drain pipe;

a director orifice fluidly coupled to the inlet of the upper flange and in fluid
communication with an inlet cavity defined within the upper flange;

a swirl nozzle plate disposed within the upper flange and configured to receive a drain
flow via the inlet and director orifice and accommodate accumulation of debris thereon;

a debris fence coupled to the swirl nozzle plate within the upper flange;

a swirl nozzle defined within the swirl nozzle plate and at least partially surrounded by
the debris fence, the swirl nozzle providing fluid communication between the inlet cavity and a
swirl chamber;

an annular groove fluidly communicable with the swirl chamber and defined within the
lower flange, the annular groove having a series of flushing liquid injection ports symmetrically-
arrayed thereabout; and

an exit control passage defined within the drain restrictor and in fluid communication

with the exit and the lower drain pipe.

2. The controlled flow drain of claim 1, wherein the debris fence segregates the swirl

nozzle from the debris accumulating on the swirl nozzle plate.

3. The controlled flow drain of claim 3, wherein the debris fence allows the drain flow to
flow over a top of the debris fence and into the swirl nozzle.

4. The controlled flow drain of claim 1, wherein the swirl nozzle has a central axis

extending from a nozzle inlet to a nozzle outlet.

5. The controlled flow drain of claim 4, wherein the central axis is arranged at an angle a
with respect to horizontal, thereby imparting a downward pitch to the swirl nozzle.
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6. The controlled flow drain of claim 5, wherein the central axis is arranged at an angle 3
with respect to the Z axis.

7. The controlled flow drain of claim 5, wherein the angle a may be about 20° or less.
8. The controlled flow drain of claim 6, wherein the angle 3 may be about 15°.
9. The controlled flow drain of claim 1, wherein the swirl chamber is defined in the lower

flange by a lower surface of the swirl nozzle plate and a drain restrictor.

10.  The controlled flow drain of claim 9, wherein the lower surface of the swirl nozzle plate
and the drain restrictor are opposing parallel surfaces that are respectively frustoconical.

11.  The controlled flow drain of claim 1, wherein the exit control passage includes sharp
edges adapted to permit liquid drainage therethrough but concurrently restrict gas carry-under.

12. A method of controlling a drain flow, comprising:

receiving the drain flow into an upper flange coupled to a lower flange, the upper flange
defining an inlet and the lower flange defining an exit;

centralizing the drain flow into an inlet cavity defined within the upper flange;

segregating debris within the drain flow from a swirl nozzle defined within a swirl nozzle
plate, the swirl nozzle providing fluid communication between the inlet cavity and a swirl
chamber defined in the lower flange;

accelerating the drain flow through the swirl nozzle to generate a vortical fluid flow that
forces dense debris within the drain flow to a radially outer extent of the swirl chamber;

accumulating the dense debris within an annular groove fluidly coupled to the swirl
chamber and defined within the lower flange; and

draining the drain flow from the lower flange via an exit control passage.
13.  The method of claim 12, further comprising flushing the swirl chamber with a flushing

fluid ejected from a series of flushing liquid injection ports symmetrically-arrayed about the

annular groove.

13
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14.  The method of claim 13, further comprising pressurizing the swirl chamber with the

flushing fluid to force the drain fluid through the exit control passage.

15. The method of claim 14, further comprising fluidizing at least a portion of the dense

debris such that the dense debris can be drained through the exit control passage.

16. The method of claim 14, further comprising removing built up fouling from the swirl

nozzle and exit control passage with the flushing fluid.

17. A controlled flow drain, comprising:

an upper flange coupled to a lower flange, the upper flange defining an inlet fluidly
coupled to an upper drain pipe, and the lower flange defining an exit fluidly coupled to a lower
drain pipe;

an inlet cavity fluidly coupled to the inlet;

a swirl chamber fluidly coupled to the exit;

a swirl nozzle plate disposed between the inlet cavity and the swirl chamber and having
a debris fence coupled thereto, the debris fence being disposed within the inlet cavity;

a swirl nozzle defined within the swirl nozzle plate and providing fluid communication
between the inlet cavity and the swirl chamber;

an annular groove defined within the lower flange and in fluid communication with the
swirl chamber, the annular groove having a curved radius defined about its upper periphery
where the annular groove meets the swirl chamber; and

an exit control passage defined within lower flange and in fluid communication with the

exit and the lower drain pipe.

18.  The controlled flow drain of claim 17, further comprising a series of flushing liquid

injection ports symmetrically-arrayed about the annular groove.

19.  The controlled flow drain of claim 18, wherein the swirl nozzle has a central axis
arranged at an angle a with respect to horizontal, thereby imparting a downward pitch to the

swirl nozzle.

20. The controlled flow drain of claim 19, wherein the central axis is arranged at an angle B

with respect to the Z axis.

14
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21.  The controlled flow drain or method of any of the preceding claims, wherein the debris

fence segregates the swirl nozzle from the debris accumulating on the swirl nozzle plate.

22.  The controlled flow drain or method of any of the preceding claims, wherein the debris
fence allows the drain flow to flow over a top of the debris fence and into the swirl nozzle.

23. The controlled flow drain or method of any of the preceding claims, wherein the swirl

nozzle has a central axis extending from a nozzle inlet to a nozzle outlet.

24.  The controlled flow drain or method of any of the preceding claims, wherein the central
axis is arranged at an angle a with respect to horizontal, thereby imparting a downward pitch to

the swirl nozzle.

25.  The controlled flow drain or method of any of the preceding claims, wherein the central
axis is arranged at an angle 3 with respect to the Z axis.

26. The controlled flow drain or method of any of the preceding claims, wherein the angle a
may be about 20° or less.

27.  The controlled flow drain or method of any of the preceding claims, wherein the angle B
may be about 15°.

28.  The controlled flow drain or method of any of the preceding claims, wherein the swirl
chamber is defined in the lower flange by a lower surface of the swirl nozzle plate and a drain

restrictor.

29. The controlled flow drain or method of any of the preceding claims, wherein the lower
surface of the swirl nozzle plate and the drain restrictor are opposing parallel surfaces that are

respectively frustoconical.

30. The controlled flow drain or method of any of the preceding claims, wherein the exit
control passage includes sharp edges adapted to permit liquid drainage therethrough but

concurrently restrict gas carry-under.
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31.  The controlled flow drain or method of any of the preceding claims, further comprising
flushing the swirl chamber with a flushing fluid ejected from a series of flushing liquid injection
ports symmetrically-arrayed about the annular groove.

32. The controlled flow drain or method of any of the preceding claims, further comprising
pressurizing the swirl chamber with the flushing fluid to force the drain fluid through the exit

control passage.

33. The controlled flow drain or method of any of the preceding claims, further comprising
fluidizing at least a portion of the dense debris such that the dense debris can be drained
through the exit control passage.

34. The controlled flow drain or method of any of the preceding claims, further comprising
removing built up fouling from the swirl nozzle and exit control passage with the flushing fluid.

35.  The controlled flow drain or method of any of the preceding claims, further comprising a
series of flushing liquid injection ports symmetrically-arrayed about the annular groove.

36. The controlled flow drain or method of any of the preceding claims, wherein the swirl
nozzle has a central axis arranged at an angle a with respect to horizontal, thereby imparting a

downward pitch to the swirl nozzle.

37.  The controlled flow drain or method of any of the preceding claims, wherein the central
axis is arranged at an angle 3 with respect to the Z axis.
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