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(57) Abrégée/Abstract:
An automatic tubing drain for rotary pumps automatically closes when the pump starts and opens when the pump stops using

reactive torque generated by the pump.
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(57) Abstract: An automatic tubing drain for rotary pumps automatically closes -when

24 the pump starts and opens when the pumnp stops using reactive torque generated by the
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AUTOMATIC TUBING DRAIN

FIELD OF THE INVENTION
This invention relates in general to hydrocarbon pumping
equipment and, in particular, to an automatic tubing drain

for a downhole rotary pump.

BACKGROUND OF THE INVENTION

Tubing drains are known 1n the art and have been used to
vold production tubing strings of fluids produced £from
hydrocarbon wells using both reciprocating pumps and rotary
pumps. Voiding production fluids trapped above a pump 1in a
precduction tubing string 1s important when the pump stops
because such filuids often contailn sand or other
contaminants that can damage the pump and/or block the
precduction tubing 1f allowed to settle on the top of the
pump. Voiding production fluids 1is also important if the
pump 1s stopped for maintenance that requires that the
production tubing and the pump to be pulled from the well
1n order to avoid bringing uncontained and frequently
contaminated hydrocarbons to the surface where they make a

mess and cause pollution.

Known tubing drains have the disadvantage of requiring
surface manipulation or special downhole equipment to

operate them. For example, United States patent number

4,315,542 to Dockins teaches a tubing drain that is opened

or closed by rotating the production tubing at the surface.

An automatic production tubing drain for sucker rod driven
progressive cavity pumps 1s also marketed. The automatic
production tubing drain requires a special sucker rod with
a lock device that must be inserted into the automatic

drain when the pump is run into the well. The special
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sucker rod closes the tublng drain when the pump 1s driven

and opens the tubing drain when the pump stops.

rach of these tubing drains suffers from certailn
disadvantages. The Dockins tubing drain will prevent pump
damage and/or tubing blockage only 1f someone 1s available
to open the tubing drain when the pump drive stops. The
automatic drain requires the special sucker rod, and a
person with the skill and knowledge to install it when the
progressive cavity pump 1s run into the well. Furthermore,

there 1s no known automatic tubing drain for electrically

~driven rotary pumps.

There therefore exists a need for an automatic tubing drain

for any downhole rotary pump.

SUMMARY OF THE INVENTION
It 1s therefore an object of the invention to provide an

automatic tubing drain for a downhole rotary pump.

The i1nvention therefore provides an. automatic tubing drain
that drains a production tubing connected to a downhole
rotary pump when the pump stops pumping fluid from a well
bore 1n which the pump 1is suspended by the production
tubing string, comprising: a top sub adapted to be
connected to the production tubing string; a mandrel
adapted to be connected directly or indirectly to the
downhole rotary pump, the mandrel having a sidewall with a
drain port; and an outer sleeve with corresponding drain
port (s) that surrounds the drain port(s) of mandrel and is

connected to the top sub, the outer sleeve rotatably

supporting the mandrel.
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BRIEF DESCRIPTION OF THE DRAWINGS

Having thus generally described the nature of the
invention, reference will now be made to the accompanying

drawings, in which:

FIG. 1 1s a schematic isometric view of the automatic

tubing drain in accordance with the invention;

FIG. 2 1s a schematic partial cross-sectional view of the

automatic tubing drain in accordance with the invention;

FIG. 3 1s an exploded view of the automatic tubing drain

shown i1n FIGs. 1 and 2;

FIG. 4 1s a schematic end view of a rotation arrestor for

the automatic tubing drain shown in FIG. 3; and

FIG. 5 1s a schematic rear view of the rotation arrestor

shown ih FIG. 3.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention provides an automatic tubing drain which
drains a production tubing that directly or indirectly
supports a downhole rotary pump in a well. Fluid being
pumped by the rotary pump is flushed out of the production
tubing when the pump stops. Consequently, neither the pump
nor the drive mechanism is damaged, and the production
tubing 1s not obstructed when an interruption in production
from a well occurs, regardless of whether the interruption
1s intended or unforeseen. The automatic tubing drain is
effective when used in conjunction with rotary pumps driven

by any type of red string or electric motor.

FIG. 1 1s a schematic isometric view of one embodiment of

the automatic tubing drain 10 1in accordance with the
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invention. The automatic tubing drain 10 has a top sub 12
with a top end 14 that is connected to a production tubiling
string (not shown) as will be explained below with
reference to FIG. 2. The automatic tubing drain 10 also has
a mandrel 16 with a bottom end 18 with a connection 19 that
directly or indirectly supports a rotary pump, as will be
explained below 1in more detall with reference to FIG. 3.
The automatic tubing drain 10 further has an outer sleeve
20 with a drain port(s) 22. The outer sleeve 20 rotatably
supports the mandrel 14 which has corresponding drailn

port(s), as will be explained with reference to FIG. 2.

FIG. 2 1s a schematic partial cross-sectional view of the
automatic tubing drain 10 shown 1n FIG. 1. As explained
above with reference to FIG. 1, the top end 14 of the top
sub 12 1s connected to a production tubing string using a
connection 24. The connection 24 may be cut to any tubing
connection pattern. As can be seen, the top sub 12 and the
mandrel 16 define a central passage 17 having an inside
diameter at least large enough to permit an unobstructed
flow of fluids through a production tubing string to which
the automatic tubing drain 10 1s connected. The top sub 12
also has a bottom end 26 having an outer periphery with
connection 28 that connects the outer sleeve 20 to the top
sub 12. Any appropriate connection may be used for the
connection 28. A seal bore 30 with one or more peripheral
grooves 32a, 32b that respectively support a seal 1is
located 1n the bottom end of the top sub 12. In one
empodiment the seals are O-rings. The seals provide a fluid
seal between a top end 34 of the mandrel 16 and the seal
pore 30 cf the top sub 14 to prevent production fluids from

migrating between the top sub 12 and the mandrel 16.
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Spaced below the seal bore 20 1s a bushing 36 that supports
a bearing 38. The bearing 38 facilitates rotation of the
mandrel 16 and permits the mandrel 16 to rotate within
limits i1ndependently of the top sub 12 and the production
tubing string. Below the bearing 38 is a bushing 39. The
busing 39 1s located above a seal 40. The seal 40 retains a
cylindrical seal 42 that seals the drain port(s) 22 when
the tublng drain 10 1s 1n a closed position. In one
embodiment, a drain port 1is provided on opposite sides of
mandrel 16 and the outer sleeve 20. As can be seen, the
drain port 22a on the opposite side of the mandrel 16 is
partially exposed 1n this partial cross-sectiocnal view. A
second seal 44 retains a bottom edge of the cylindrical
seal 42. Beneath the second seal 44 is a second bearing 46.
The second bearing 46 further facilitates rotation of the
mandrel 16. A tab 47 on the bottom of the second bearing 46
1s recelved 1in an axial groove 48 in an inner sidewall of
outer sleeve 20. The tab 47 prevents rotation of the
bearing race. The groove 48 permits rotation limiters 50 on
an outer periphery of the mandrel 16 to be inserted into a
radial rotation-limiting groove 52 in a bottom end of the

outer sleeve 20. The rotation-limiting groove 52 limits the

rotation of the mandrel 16 to a preferred rotation limit.
At one extent of the rotation limit, the respective ports
22, 22a 1n the outer sleeve and the mandrel are not
aligned. This 1is the "“closed position” and the elastomeric
seal 42 seals the port in the outer sleeve 20 so no fluid
can drain from the production tubing string. At an opposite
extent of the rotation limit, the respective ports in the

mandrel and the outer sleeve are aligned. This is an “open
position” in which fluid can drain from the production
tubing string though the aligned ports 22, 22a. The bearing

46 rests on a shoulder 49 having grooves to receive the

PCT/CA2012/001030
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tabs 47. A pair of peripheral seal grooves 54a, 54b at a
bottom end of the outer sleeve 20 respectively supports a
seal that 1inhibits the infiltration of fluids 1in a
production casing of a well in which the automatic tubing

drain 10 1s suspended.

FIG. 3 1s an exploded view of the automatic tubing drain
shown in FIGs. 1 and 2. All of the parts described above
with reference to FIG. 2 are shown 1in 1isometric view. In
addition, 1t can be seen that i1n one embodiment the mandrel
16 has an undulated surface 56 between the seals 40 and 44.
The undulated surface 56 may be made up of axial ridges or
grooves, or any combilination of the two. The undulated
surface 56 1s located  between the port (s) 22a.
Corresponding undulations (not visible) are provided in the
inner periphery of the elastomeric seal 42. The undulations
56 engage the corresponding undulations in the elastomeric
seal 42 to enforce the bond between the elastomeric seal 42
and the mandrel 20 and 1inhibit any rotation of the
elastomeric seal 42 on the mandrel 16. This ensures that

the ports 22a are not occluded by the elastomeric seal 42.

In addition, FIG. 3 shows a rotation arrestor 60. In one
embodiment of the rotation arrestor 60 is mounted to the
top sub 12, as will be explained below with reference to
F1Gs.4 and 5. Also shown in FIG. 3 1is a rotary pump 70 that
1s directly or indirectly connected the thread 19 at the
bottom end 18 of the mandrel 16. The rotary pump 70 may be
driven by a drive string (not shown) or an electric motor
(not shown). Whille operating, the rotary pump 70 generates
reactive torque as the rotor turns in the stator. The

reactive torque causes the mandrel 16 to rotate until the

rotation limiter 50 (see FIG. 2) reaches an end of the

PCT/CA2012/001030
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rotation limiting groove 52. This closes the drain port(s)
in the outer sleeve 20 by moving the corresponding drain
port(s) 22a in the mandrel 16 away from alignment with the
drain port(s) 22 in  the outer sleeve 20 and moving the
elastomeric seal 42 into position to seal the drain port(s)
22. In this position fluid cannot escape from the central
passage 17. The continuous generation cf reactive torque by
the operation of the rotary pump 70 keeps the drain port(s)
22 sealed. However, when the pump 70 1s stopped for any
reason, energy stored i1n the rod string or the pump drive
shaft causes the pump 70 to rotate 1n the opposite
direction. This forces the rotation limiter 50 to the
opposite end of the rotation-limiting groove 52, which
aligns the drain port(s) 22 with the corresponding drain
port(s) 22a to automatically drain all fluid from the
production tubing. Restarting the pump 70 regenerates the
reactive torque. The reactive torque closes the drain
port(s) 22 and permits production to recommence wlthout
external action. A shear pin (not shown) may be 1nstalled
to temporarily hold the automatic tubing drain 10 closed
for testing. The shear pin is inserted in a bore drilled in
the outer sleeve 20 and the mandrel 16. Alternatively, the
shear pin i1s inserted into a bore drilled in the top sub 12

and the mandrel 16.

FIG. 4 1s a schematic end view of a rotation arrestor 60
for the automatic tubing drain shown in FIG. 3. The

rotation arrestor 60 1s biased outwardly so that 1t
contacts an 1nner periphery of the production casing to
inhibit rotation of the automatic tubing drain outer sleeve
10. This can be particularly useful if an optional tubing
swivel 1s added to a top end of the top sub 12. The

optional tubing swivel permits a tubing rotator, well known

PCT/CA2012/001030
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in the art, to be added to the surface equipment. This
permits the tubing to be rotated on a predetermined
schedule without affecting operation of the automatic
tubing drain 10. In this embodiment, the rotation arrestor
1s bilased outwardly by an elastomeric cushion 62 that 1is
soft enough to permit the rotation arrestor to be moved
past restrictions 1in a production casing 64, but resilient
enough to ensure that the rotation arrestor 1s biased
against the inner periphery of the production casing 64. As
will be understood by persons skilled in the art, one or
more rotation arrestors 60 may be used to inhibit rotation
of the top sub and outer sleeve 12 of the automatic tubing

drain 10.

FIG. 4 1s a schematic rear view of the rotation arrestor 60
shown in FIG. 3. Hinges 66 retain a hinge pin 68. The hinge
pln 68 passes through aligned bores in interleaved portions
of the bottom edge of the rotation arrestor 60 and a narrow

end of the elastomeric cushion 62.

PCT/CA2012/001030
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I Claim:

1. An automatic tubing drain that drains a production
tubing connected to a downhole rotary pump when the
pump stops pumping fluid from a well bore in which
the pump 1s suspended by the production tubling
string, comprising:

a top sub adapted to be connected to the production
tubing string;

a mandrel adapted to Dbe connected directly or
indirectly to the downhole rotary pump, the
mandrel having a sidewall with a drain port; and

an outer sleeve that surrounds the drain port of
mandrel and has a corresponding drain port, the
outer sleeve being connected to the top sub, and
the outer sleeve supporting the mandrel so that
the mandrel can rotate from a closed position in
which the drain port in the outer sleeve and the
drain port 1in the mandrel are not aligned and
fluid cannot drain from the production tubing
string, to an open position in which the
respective drain ports are aligned and fluid can
drain from the production tubing string.

2. The automatic tubing drain as claimed in claim 1
further comprising at least two draln 'ports in the
mandrel and at least two corresponding drain ports in
the outer sleeve.

3. The automatic tubing drain as claimed in claim 1

further comprising an elastomeric seal that surrounds

the mandrel and seals the corresponding drain port in
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the outer sleeve when the automatic tubing drain 1s

in the closed position.

4. The automatic tubing drain as claimed in claim 2
further comprising an undulated surface on an outer
periphery of the mandrel under the elastomeric seal
to inhibit rotation of the elastomeric seal on the

mandrel.

5. The automatic tubing drain as claimed 1in claim 1
wherein the top sub further comprises a bottom end
having a seal bore that receives a top end of the

mandrel.

" 0. The automatic tubing drain as claimed 1n claim 5
further comprising a radial groove 1n the seal bore
that retains a seal to provide a fluid seal between

the top sub and the mandrel.

7. The automatic tubing drain as claimed 1n claim 1
further comprising a connection on the bottom end of
the top sub to connect the outer sleeve to the top

sub.

8. The automatic tubing drain as claimed 1n claim 3

further comprising a bushing surrounding a top end of

the mandrel, the bushing being located between the
top end of the mandrel and a bottom end of the top

sub.

9. The automatic tubing drain as claimed 1in claim 8
further comprising a bearing surrounding the mandrel

below the bushilng.
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10. The automatic tubing drain as claimed 1n claim 9
further comprising a second bushing Dbelow the

bearing.

11. The automatic tubing drain as claimed in claim 10
further comprising a seal surrounding the mandrel

below the second bushing.

12. The automatic tubing drain as claimed 1n claim 11
wherein the elastomeric seal that surrounds the
mandrel to seal the drain port 1s located below the

seal below the second bushing.

13. The automatic tubing drain as claimed 1n claim 12
further comprising a second seal below the

elastomeric seal that surrounds the mandrel.

14. The automatic tubing drain as claimed in claim 13
further comprising a second bearing that surrounds

the mandrel below the second seal.

15. The automatic tubing drain as claimed in claim 14
wherein a bearing surface of the second bearing
comprises a tab on a bottom of the bearing race that

1s received 1n an axlial groove 1in an inner sidewall

of the outer sleeve.

l6. The automatic tubing drain as claimed in claim 1
further comprising a rotation-limiting groove 1in an

inner periphery of the outer sleeve.

17. The automatic tubing drain as claimed in claim 16
further comprising a rotation limiter on an outer
periphery of the mandrel that is received in the

rotation-limiting groove, the rotation limiter and
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the rotation-limiting groove limiting rotation of the
mandrel because the rctation limiter cannot move past

either end of the rotation-limiting groove.
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