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(57) Abrégée/Abstract:
The present invention Is directed to rotating flow control diverter apparatus having an upper and a lower stripper element mounted
on upper and lower tubular shaft, respectively, each of which Is axially rotatable by means of an upper and lower sealed bearing
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assembly, respectively, within a central bore of a housing. An upper and lower seal assembly seal the annular space between the
central bore and the upper and lower tubular shaft, respectively to define a purge chamber. The purge chamber is In fluid
communication with the central bore via the lower tubular shaft, and may be provided with valved ports. The housing may be
constructed In removably mounted upper and lower portions, to which the upper and lower sealed bearing assemblies,
respectively, and upper and lower seal assemblies, respectively, are mounted.
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FIG. 1

control diverter apparatus having an upper and a lower stripper ele-
ment mounted on upper and lower tubular shaft, respectively, each
of which 1s axially rotatable by means of an upper and lower sealed
bearing assembly, respectively, within a central bore of a housing.
An upper and lower seal assembly seal the annular space between
the central bore and the upper and lower tubular shaft, respectively
to define a purge chamber. The purge chamber 1s i fluid commu-
nication with the central bore via the lower tubular shaft, and may
be provided with valved ports. The housing may be constructed in
removably mounted upper and lower portions, to which the upper
and lower sealed bearing assemblies, respectively, and upper and
lower seal assemblies, respectively, are mounted.
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ROTATING FLOW CONTROL DIVERTER HAVING DUAL STRIPPER
ELEMENTS

Field of the Invention

[0002] The invention relates to a wellhead apparatus for well control, and more particularly

to an apparatus used to control and divert well fluids during drilling and other operations.

Background

[0003] In a dnlling rig for oil, gas or coal bed methane, it is conventional to mount a rotating
flow control diverter (RFCD) at the top of a blowout preventer (BOP) stack beneath the
dnilling floor of the drilling rig. The rotating flow control diverter prevents the unintentional
escape of well fluids (such as drilling mud, produced fluids and gases, and surface-injected air
or gas Into a recovery line) by containing and diverting them from the wellbore annulus away
from the rig floor. At the same time, the rotating flow control diverter allows a drill string to
be passed into and out of the wellbore, and rotated within the wellbore. A typical rotating
flow control diverter comprises a stationary housing adapted for incorporation into a wellhead

and a rotating tubular shaft with a rubber sealing element to establish a seal with a tubular

such as tubing or drill pipe
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that is passed through the tubular shaft. The tubular shaft is rotatably and axially supported in the
stationary housing by an internal bearing assembly cOmprising bearings and a seal assembly for
1solating the bearings from well fluids. The bearing assembly typically comprises an inner race
fixed to the outer surface of the tubular shaft, and an outer race fixed to the inner surface of the

housing. In use, the tubular, the tubular shafl and sealing element rotate together within the

housing,

[0004] It is known in the industry to mount a second or upper stripper element (commonly
known 1n the industry as the "dual stripper") on top of a rotating flow control diverter to enhance
the control of wellbore fluids and gases and to provide an additional safeguard against the
unintentional cscape of wellbore fluids and gases, in the event that the main stripper element of

the rotating flow control diverter fails. Prior art rotating flow control diverters with dual

strippers typically have both stripper elements attached to a common tubular shaft running
through the rotating flow control diverter. Accordingly, if the bearing assembly supporting that
tubular shaft fails, then both of the stripper elements may cease to rotate freely within the
housing, If the drill string continues to rotate, then the friction between the drill string and the
stripper elements will wear and damage the stripper elements, and possibly cause them to fail.
Furthermore, prior art rotating fluid control diverters with dual strippers are typically ill equipped

to deal with the treatment and removal of gaseous and liquid substances trapped between the two

stripper elements.

[0005] There 1s need in the art for an improved rotating control flow diverter with dual strippers

that is relatively simple and robust.
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Summary of the Invention

[0006] The present invention is directed to a rotating flow control diverter apparatus having dual
stripper elements. The apparatus comprises a stationary housing, an upper and a lower tubular
shaft, an upper and a lower sealed bearing assembly, and an upper and a lower seal assembly.
The stationary housing defines an inlet for well fluid adapted for connection to the wellhead or
the blowout preventer, a central bore in fluid communication with the inlet, and at least one
outlet for well fluid in communication with the central bore. The upper stripper element is
attached to the upper tubular shaft. In use, the upper stripper element establishes a seal between
the upper tubular shaft and an outside surface of the tubular passing axially through the upper
tubular shaft. The upper sealed bearing assembly 1s mounted to the housing and supports the

upper tubular shaft for axial rotation within the central bore. The upper seal assembly seals an

annular space defined between the central bore and an outside surface of the upper tubular shaft.
The lower tubular shaft is in substantial axial alignment with the upper tubular shaft, The lower
stripper element is attached to the lower tubular shaft. In use, the lower stripper element
establishes a seal between the lower tubular shaft and an outside surface of the tubular passing
axially through the lower tubular shaft. The lower sealed bearing assembly is mounted to the
housing and supports the lower tubular shaft for axial rotation within the central bore. The lower

seal assembly seals an annular space defined between the central bore and an outside surface of

the lower tubular shaft.

[0007] In one embodiment of the apparatus, the upper seal assembly, lower seal assembly, and a
portion of the central bore therebetween, define a purge chamber in fluid communication with the

central bore below the lower seal assembly via the lower tubular shaft. In one embodiment of the

3



apparatus, the housing may comprise at least one valved port with the purge chamber. In one
embodiment of the apparatus, the apparatus may further comprise a means for monitoring

fluid or gas pressure within the purge chamber.

[0008] In one embodiment of the apparatus, the housing comprises an upper portion of the
housing a lower portion of the housing and a fastener. The upper portion of the housing
defines an uppcr portion of the central bore. The upper sealed bearing assembly 1s mounted to
the upper portion of the housing and supports the upper tubular shaft tor axial rotation within
the upper portion of the central bore. The lower portion of the housing defines the inlet and a
lower portion of the central bore. The lower sealed bearing assembly 1s mounted to the lower
portion of the housing and supports the lower tubular shaft for axial rotation within the lower
portion of the central bore. The fastener removably secures the upper portion ot the housing to
the lower portion of the housing. When the upper portion of the housing 1s secured to the
lower portion of the housing by the fastener, the upper portion of the central bore is axially
aligned with the lower portion of the central bore, and the upper tubular shaft 1s axially
aligned with the lower tubular shaft. In one embodiment of the apparatus, the upper portion of
the housing may comprise a removably attachable sub-assembly to which the upper sealed
bearing assembly and upper seal assembly 1s mounted. In one embodiment of the apparatus,
the lower portion of the housing may comprise a removably attachable sub-assembly to which

the lower sealed bearing assembly and lower seal assembly 1s mounted.

[0008a] Accordingly, there is described a rotating flow control diverter apparatus, the
apparatus comprising: an upper tubular shaft; an upper stripper element attached to the upper
tubular shaft; an upper bearing assembly which supports the upper tubular shatt and permaits
axial rotation of the upper tubular shaft; a lower tubular shaft which 1s axially aligned with the
upper tubular shaft; a lower stripper element attached to the lower tubular shatt, wherein the
lower stripper element 1s oriented in a same direction as the upper stripper element; and a

lower bearing assembly which supports the lower tubular shaft and permits axial rotation of

the lower tubular shaft independent of the upper tubular shatft.

CA 2876067 2017-11-07
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Brief Description of the Drawings

[0009] In the drawing, like elements are assigned like reference numerals. The drawing 1s not
necessarily to scale, with the emphasis instead placed upon the principles of the present
invention. Additionally, each of the embodiments depicted are but one of a number of possible

arrangements utilizing the fundamental concepts of the present invention.

[0010] Figure 1 is a cross-sectional side view of one embodiment of a rotating flow control

diverter apparatus of the present invention.

Detailed Description of Preferred Embodiments

[0011] The i1nvention relates to a rotating flow control diverter having dual stripper elements.

When describing the present invention, all terms not defined herein have their common art-

recoghized meanings.  To the extent that the following description is of a specitic embodiment or
a particular use of the invention, it 1s intended to be illustrative only, and not limiting of the
claimed invention. The following description is intended to cover all alternatives, modifications

and equivalents that are included in the spirit and scope of the invention, as defined in the

appended claims.

[0012] As used herein, the term "well fluid" shall refer any liquid or gas, or combination thereof,
that may emanate from a wellbore of an oil or gas well. Without limiting the generality of the
foregoing, well fluids may include formation liquid or gas produced by the well, drilling fluid,

and any gas that may be injected into the wellbore at the surface.
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[0013] The present apparatus is directed to a rotating flow control diverter (10) having dual
stripper elements, one embodiment of which is shown in Figure 1. In general, the apparatus (10)
comprises a housing (20), an upper tubular shaft (50), an upper stripper element (52), an upper
sealed bearing assembly (60), an upper seal assembly (70), a lower tubular shaft (80), a lower

stripper element (82), a lower sealed bearing assembly (90), and a lower seal assembly (100).

[0014] The housing (20) defines an inlet for well fluid (22) that is adapted for connection to the
top of a wellhead or a blowout preventer stack. The housing (20) defines a central bore (24) in
fluid communication with the inlet (22). The housing (20) further defines at least one outlet for
well fluid (26) in communication with the central bore (24).The housing (20) may be made of
any material that is sufficiently strong to withstand the operational pressures of well fluid to be

expected within the housing; such materials may include, without limitation, 41/30 alloy steel.

[0015] In one embodiment not shown, the entirety of the housing (20) may be monolithically
constructed, and may include a flanged connection for connection to other wellhead components

such as a blow out preventer.,

10016] In one embodiment as shown in Figure 1, the housing (20) comprises an upper portion of
the housing (28), a lower portion of the housing (30) and a flanged connection (32). The upper
portion of the housing (28) and the lower portion of the housing (30) define an upper portion of
the central bore (35) and a lower portion ;)f the central bore (36), respectively. The upper portion
of the housing (28) is removably attached to the lower portion of the housing (30) with a fastener,
such as but not limited to bolts (38) passing through bolt holes tapped into the body of the lower

portion of the housing (28). The lower portion of the housing (30) is removably attached to the
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flanged connection (32) with a fastener, such as but not limited to bolts (40) passing through the
bolt holes tapped into the body of the flanged connection (32). Gaskets or o-ring seals (not
shown) may be provided between the upper portion of the housing (28) and the lower portion of
the housing (30), and between the lower portion of the housing (30) and the flanged connection
(32) to provide a fluid-tight seal between the interfacing parts. In the embodiment shown in
Figure 1, the flanged connection (32) 1s a double flanged steel spool. The upper flange (34) of the
spool 1s adapted to mate with the bottom end of the lower portion of the housing (30), As such,
the upper flange (34) should be selected to match the working pressure, custom profile and
integrity of the lower portion of the housing (30). The integrally machined lower flange (42) of
the spool is adapted to mate with the top of a wellhead or the blowout preventer, In one
embodiment, the lower flange (42) may conform to a standard flange specification of the
American Petroleum Institute (API)._For example, the lower flange (42) may be a 13-5/8" 5000_
PSI API flange. The use of such a double flanged spool, allows the lower portion of the housing

(30) to be a standardized component that can adapted to receive well fluid from a variety of

different wellheads or blowout preventer stacks.

[0017] The upper tubular shaft (50) is proportioned to allow a tubular (such as a drill string) to
pass through in thé axial direction. The upper tubular shaft (50) has an attached upper stripper
clement (52) that, in use, establishes a fluid-tight seal between the upper tubular shaft (50) and
the outer surface of a tubular passing through it. The upper tubular shaft (50) may be made of

any suitably strong and rigid material such as alloy stecl, and the upper stripper element (52) may

be made of an elastomeric material.
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[0018] In one embodiment as shown 1n Figure 1, the upper stripper element (52) is attached to
the lower end of the upper tubular shaft (50) by means of an insert (54) attached to the outer
surface of upper tubular shaft (50) and extending into the body of the upper stripper element (52).
The upper stripper element (52) has a frustum shape with the narrow end oriented downwards.
The upper stripper element (52) defines a passage (56) having a diameter that is slightly smaller
than the outer diameter of a tubular to be passed through upper tubular shaft (50). The foregoing
description of one embodiment of the upper stripper element (52) and the manner of its
attachment to the upper tubular shaft (50) is not intended to be limiting of the claimed invention,
and one skilled 1n the art will recognize that any suitable stripper elements may be employed with

the apparatus (10).

[0019] The upper sealed bearing assembly (60) supports the upper tubular shaft (50) for axial

rotation within the central bore (24). One skilled in the art will recognize that any suitable sealed

bearing assembly may be employed as the upper bearing assembly (60) in the apparatus (10).

[0020] In one embodiment as shown in Figure 1, the upper sealed bearing assembly (60) is
mounted within a removably attachable sub-assembly (62) of the housing (20). The sub-assembly
1s removably secured to remaining portion of the housing (20) with a fastener, such as but not

limited to bolts (64) passing through bolt holes formed in the body of the housing (20).

[0021] The upper seal assembly (70) seals the annular space between the central bore (24) and
the outside surface of the upper tubular shaft (50), thereby preventing well fluid from passing
between these two parts. In one embodiment as shown in Figure 1, the upper seal assembly (70)

is provided in the form of an O-ring which is installed as part of the sub-assembly (62) of the



CA 02876067 2014-12-09

WO 2013/185227 PCT/CA2013/050444

housing (20) that supports the upper sealed bearing assembly (60). One skilled in the art will

appreciate that the upper seal assembly (70) may be implemented by other suitable means known

in the art.

[0022] The lower tubular shaft (80) is proportioned to allow a tubular (such as a drill string) to
pass through in the axial direction, and is axially aligned with the upper tubular shaft (50). The
lower tubular shaft (80) has an attached lower stripper element (20) that, in use, establishes a
fluid-tight seal between the lower tubular shaft (80) and the outer surface of a tubular passing
through it. The lower tubular shaft (80) may be made of any suitably strong and rigid material

such as alloy steel, and the lower stripper element (82) may be made of an elastomeric material.

[0023] In one embodiment as shown in Figure 1, the lower stripper element (82) 1s attached to

the lower end of the lower tubular shaft (80) by means of an insert (84) attached to the outer

surface of lower tubular shaft (80) and extending into the body of the lower stripper element (82).

The lower stripper element (82) may be different, similar or identical to the upper stripper

clement (52).

[0024] The lower sealed bearing assembly (90) supports the lower tubular shaft (80) for axial
rotation within the central bore (24) of the housing. One skilled in the art will recognize that any

suitable sealed bearing assembly may be employed as the lower bearing assembly (90) in the

apparatus (10).

[0025] In one embodiment as shown in Figure 1, the lower sealed bearing assembly (90) is
mounted within a removably attached sub-assembly (92) of the lower portion of the housing (20).

The sub-assembly (92) is removably secured to the remaining portion of the housing (20) by a
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fastener, such as but not limited to a clamp (94) that binds a flange (96) on the lower end of the
sub-assembly against a complementary flange (98) on the upper end of the lower portion of the
housing (20). In one embodiment, the clamp (94) is a solid locking ring clamp with

complementary locking tabs. The clamp (94) may be either manually or hydraulically actuated.

[0026] The lower seal assembly (100) seals the annular space between the central bore (24) and
the outside surface of the lower tubular shaft (80), thereby preventing well fluid from passing
between these two patrts. In one embodiment as shown in Figure 1, the lower seal assembly (100)
is provided in the form of an O-ring which is installed as part of the sub-assembly (92) of the
housing (20) that supports the lower sealed bearing assembly (90). One skilled in the art will

appreciate that the lower seal assembly (100) may be implemented by other suitable means

known in the art.

[0027] in one embodiment as shown in -Figl_l_re 1,-‘[116 app_ératus (1_0) has a purge chémber (120)
defined by a section of the central bore (24) between the upper seal assembly (70) and the lower
seal assembly (100). The purge chamber (120) is in fluid communication with the portion of the
central bore (24) below the lower scals assembly (100) via the lower tubular shaft (80). In one
embodiment, the housing (20) may define at least one valved port (not shown) in fluid
communication with the purge chamber (120). In one embodiment, the apparatus (10) may
further comprise a means for monitoring fluid pressure (not shown) within the purge chamber

(120) such as a pressure gauge or a pressure-sensitive transducer.

10



CA 02876067 2014-12-09

WO 2013/185227 PCT/CA2013/050444

[0028] The apparatus (10) of the present invention may be used for well control operations, to
promote rig safety, to reduce the risk of environmental contamination, for underbalanced drilling

operations, for managed pressure drilling operations and with conventional drilling operations.

[0029] The use and operation of the apparatus (10) in the embodiment shown in Figure 1 is now
described by way of a non-limiting example. The apparatus (10) is installed on the top of a
blowout preventer stack by bolts passing through bolt holes (not shown) in the lower flange (42)
of the flanged connection (32). The removable attachment of the upper portion of the housing
(28) to the lower portion of the housing (30), and the removable attachment of the lower portion
of the housing (30) to the tflanged connection (32) allows the apparatus (10) to be installed either

selectively in stages, or as a single pre-assembled unit, and to be selectively dismantled in stages

such as for servicing internal components.
[0030] A tubular is inserted downwardly through the upper tubular shaft (50) and subsequently

through the lower tubular shaft (80). As the diameter of the passage (56) of the upper stripper

clement (52) and the passage (86) of the lower stripper element (82) are slightly smaller than the

outer diameter of the tubular inserted, the upper stripper element (52) and the lower stripper

clement (82) will stretch fit around the tubular, providing a seal around the tubular.

[0031] It will be appreciated that if a torque 1s applied to the tubular about its axial direction, the
friction between the upper and lower stripper clements (52, 82) and the tubular will be sufficient
to transfer the torque to the upper and lower tubular shafts (50, 80), respectively, In turn, the
upper and lower tubular shafts (50, 80) will rotate within the housing (20), as permitted by the

upper and lower sealed bearing assemblies (60, 90)., The provision of two distinct and

11
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independent sealed bearing assemblies (60, 90) for each of the tubular shafts (50, 80) is
advantageous in that the failure of either one of the sealed bearing assemblies (60, 90) prevents
only one, and not both, of the tubular shafts (50, 80) from rotating. The stripper element (52, 82)

that 1s attached to the still rotatable tubular shaft (50, 80) is thereby protected from excessive

wear or damage 1f the tubular continues to rotate.

[0032] Well fluid flowing upwardly through the top of the blowout preventer flows through the
inlet (22) into the lower portion of the central bore (24). The pressure of the well fluid acts
upwardly on the lower, narrow end of the frustum-shaped lower stripping element (82), thereby
urging 1t into further sealing relationship with the tubular, The lower seal assembly (100)
prevents the well fluid from flowing further upwards within the central bore, thereby containing

the well fluid. The outlet (26) may be selectively opened to divert the upward flowing well fluid

0033] Under normal operating conditions, the lower stripper element (82) prevents the upwardly
tlowing well fluid from flowing upwardly through the lower tubular shaft (80). If, however, the
pressure of the upward tlow well fluid 1s sufficiently high, or if either the lower stripper element
(82) or the lower seal assembly (100) becomes worn or damaged, them the well fluid may leak
either between the lower stripper element (82) and the tubular passing through the inside of the
lower tubular shaft (80), or between the lower portion of the housing (30) and the outside surface

lower tubular shaft (80), and upwards into the purge chamber (120).

[0034] If a fluid pressure monitor or sensor in the purge chamber (120) is provided, an operator

may use this information to monitor the wear of the lower stripper element (82) and the lower

12
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seal assembly (100) and, thus forecast a failure either of these seals betore a failure occurs, and

schedule suitable maintenance or repair procedurcs.

[0035] If valved ports in fluid communication with the purge chamber (120) are provided, the
operator may use the valved ports to introduce any suitable inert gas into one of the valved ports
while allowing trapped well fluids to escape from the purge chamber through another valved
port. For example, in sour gas drilling, small amounts of sour gases and liquids may be trapped
in tool joint grooves of the tubular as 1t passes through the lower stripper element (82). Inert gas
such as nitrogen can be introduced into the purge chamber using one of the valved ports, while
allowing sour gases to vent out of the purge chamber through another valved port. The vented

sour gases can be captured and diverted from the rig floor.

[0036] As will be apparent to those skilled in the art, various modifications, adaptations and

variations of the foregoing specific disclosure can be made without departing from the scope of

the invention claimed herein.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A rotating tlow control diverter apparatus, the apparatus comprising:

an upper tubular shaft;

an upper stripper element attached to the upper tubular shaft;

an upper bearing assembly which supports the upper tubular shaft and permits axial
rotation of the upper tubular shaft;

a lower tubular shaft which 1s axially aligned with the upper tubular shaft;

a lower stripper element attached to the lower tubular shaft, wherein the lower stripper
clement 1s oriented 1n a same direction as the upper stripper element; and

a lower bearing assembly which supports the lower tubular shaft and permits axial

rotation of the lower tubular shaft independent of the upper tubular shatft.

2. The apparatus of claim 1, further comprising: a stationary housing, wherein the
stationary housing comprises an inlet through which well tluid enters the rotating control
diverter apparatus, wherein the stationary housing further comprises at least one outlet
through which the well tluid exits the rotating control diverter apparatus, and wherein the
upper bearing assembly and the lower bearing assembly are mounted 1n the stationary

housing.

3. The apparatus of claim 2, wherein an upper portion of the stationary housing

comprises a first removable sub-assembly to which the upper bearing assembly 1s mounted,
and wherein a lower portion of the stationary housing comprises a second removable sub-

assembly to which the lower bearing assembly is mounted.

4, The apparatus ot claim 2, further comprising: an upper seal assembly which forms a
first seal between the stationary housing and an outside surface of the upper tubular shaft; and
a lower seal assembly which forms a second seal between the stationary housing and an

outside surface ot the lower tubular shaft.

14

CA 2876067 2017-11-07



J. The apparatus of claim 4, turther comprising: a purge chamber defined by the upper

seal assembly and the lower seal assembly.

6. The apparatus of claim 5, wherein a portion of the well fluid trapped within the purge

chamber is vented from the purge chamber by an inert gas introduced into the purge chamber.

7. The apparatus of claim 5, wherein wear of the lower stripper element and the lower

seal assembly corresponds to monitored pressure 1n the purge chamber.
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