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IMPROVED BREATHER TUBE FOR LABYRINTH SEAL CHAMBER

INVENTOR{SY: Christopher Wrighton and Sakethraman Mahalingam

BACKGROUND OF THE INVENTION

i. Field of Invention

[3601] The present disclosure relates to an electrical sabmersible pump system (FESP7), and
more particudarly to an ESP having a labvrinth seal section with a breather tube that

substantially lumits flow to a single direction.

2. Deseription of Prior Art

16002] Armificial Lift 1s generally employed i hydrocarbon producing wells that lack adeguate
pressurc to bft iquid from nside the well. One type of ariificial lift 1s an electrical submersible
pump {“ESP7) that includes an electrically powered moior filled with a dielectric fluid. A drive
shaft connects the motor to a pump, encrgizing the motor rotates the shaft that rotates impelers
i the pump. The pump is ofien a ceninifugal pump with multiple stages of mpelers and
diffusers for pressurizing the hquid. Typically, a seal section is included between the motor
and the pump for cqualizing pressure of the dielectric fluid nside the motor with hydrostatic
pressure in the well, If well fluids are allowed to enter the motor an electrical short can oceur

and damage the motor.

[B003] Seal sections are tvpically designed to communicate hvdrostatic pressure to diclectnic
fluid m the motor without allowing wellbore fluid to enter the motor. The seal sections usually
imelude either a flexible diaphragm. a bellows, or a labvrinth chamber. In diaphragms and
bellows the physical barriers between the wellbore fluid and dielectric fhud are elastomer or

metal membranes, and i labyrinth chambers the physical barder is an elongated flow circuit
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filled with diclectne fluid Wellbore fluid can still migrate to the motor i1t the labyrinth chamber

1s an madequate obstacle, or fatlure of scals on the drive shaft within the scal section.

SUMMARY OF THE INVENTION

18004} Disclosed herein 1s an example of an electrical submersible pumping system (“ESP™)
that includes a motor, a shaft having an end attached to the motor, a pump attached to an end
of the shaft distal from the motor, and a seal section disposed between the motor and the pump.
in this example the seal section includes a breather tube having, an uphole end that is i pressure
communication to ambient hvdrostatic pressure, a downhole end distal from the uphole end
and that is in pressure coroguunication with the motor, and a nud-portion having an undulating
comtour. Examples of the undulating contour mchide a U-shaped bend. In an alternative, the
undulating contour 1 a recyele loop moanted to the breather tube, the reeycle loop having a
curved mid-section and upper and lower ends that intersect the breather tube at spaced apart
locations along a length of the breather tube to define a valvular conduit. Optionally, the upper
end mtersects the breather tube at an upper intersection that 1s uphole of where the lower end
miersects the breather tube, where the porfion of the recvele loop proximate to the upper
miersection is at an acute angle to a portion of the breather tube adjacent the upper intersection
and on a side opposite the uphole end, and where the portion of the recycle loop proximate to
the fower intersection 1s at an acute angle to a portion of the breather tube adjacent the lower
mtersection and on a side opposite the uphole end.  In another example, the ESP further
mcludes a multiplicity of recycle loops arranged in series along the length of the breather tube.
The ESP optionally includes a seal scction housing, a guide tube in the seal section that
circumscribes a portion of the shaft and that is spaced radially inward from the seal section

housing, and a labyrinth chamber defined 1n anoulus between the guide tube and seal section

-

housing. In this example the breather tube 1s disposed in the labyrinth chamber and a post is
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optionally formed radially through the gwide tube at a location axially between the uphole and
downhole cuds of the breather tube, so that a pressure coromunication path between the pump
and the motor extends from the uphole end of the breather tube to the downhole end of the
breather tube, uphole 1o the port, and downhole to the motor in an annuolar space between the
shaft and the guide tube. In ancther example the ESP inchudes a mechanical seal on the shaft
and a helical flight on the downhole of the mechanical seal, the flight configured to increase
fhad pressure on a downhole side of the mechanical seal. Alternatives of undulating contour
melude a diameter of the breather tube that increases with distance from uphole end to the

downhole end.

{8605} Another example of an electrical submersible pumping system ("ESP7) 1s disclosed and
that includes a motor, a pump uphole of the motor, a shaft baving an ¢nd attached the motor
and an opposing end attached to the pump, and a scal section disposed between the motor and
the pump having a labyrinth chamber with a flow path that restnicts fluid communication. The
ESP of this example further optionally includes a helical flight on an outer surface of the shaft
that operates as a postiive displacement pump with rotation of the shaft and so that fhuid exiting
the positive displacement pump generaies an increase in pressure on a downhole side of a
mechanical seal around the shaft. In an example the seal section mcludes an outer housing
with a seal head on an uphole ¢nd of the housing, the seal head having an axial bore that
receives the shafl, and wherein a vent tube is formed through the seal head that provides a flow
path for fluid to flow into the seal section from adjacent the mechanical seal. In alternatives
the flow path extends through a breather tube with a U-shaped portion, a breather tube with a
diameter that increases with distance downhole, or a valvular conduit. In one example, fhad
flow mn a direction to the motor 1s restricied in the valvelar condnt, and wherein thad flow in

a direction away from the motor flows substantially umimpeded through the valvualar conduit.
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BRIEF DESCRIPTION OF DRAWINGS

10606} Some of the features and benefits of the present invention having been stated, others
will become apparent as the description proceeds when taken in comjunction with the

accompanymg drawings, in which:

186071 FIG. 1 s a side sectional view of an example of an Electrical Submersible Pumping

Assembly ("ESP”) disposed 1n 3 wellbore.

10608} FIG. 2 15 a side sectional view of an example of a portion of a seal section in the ESP

of FIG. 1.

10609} FIGS. 2A-2C are side schematic views of an embodiment of a breather tube in the seal

section of FIG. 2.

{0610} FIG. 3 15 a side sectional view of an alternate example of the seal section of FIG. 2.

10011} FIG. 3A 15 an axial view of a portion of F1G. 3 taken along Lines 3A-3A.

{6612} While subject matter 1s described in connection with embodiments disclosed heren, it
wiil be understood that the scope of the preserd disclosure is not imited fo any particular
embodiment. Un the contrary, it is intended to cover all alternatives, modifications, and

equivalents thereof.

BETAILED BESCRIPTION OF INVENTION

10613} The method and system of the present disclosure will now be described more fully
hereinafter with referenee o the accompanying drawings in which embodiments are shown.
The method and system of the present disclosure may be in many different forms and should
not be construed as limuted to the dlustrated embodiments set forth herein; rather, these

embodiments are provided so that this disclosure will be thorough and complete, and will fully
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convey its scope 1o those skilled 1n the art. Like numbers refer to ke elements throughout. In
an embodiment, usage of the term “about” mcludes +/~ 3% of a cited magnitude. In an
embodiment, the term “substantially” wncludes +/- 5% of a cited maguitade, comparison, or

description. In an cmbodiment, usage of the term “generally” includes +/- 10% of a cited

magnitude.

6614} It 15 to be further understood that the scope of the present disclosure s not himited to
the exact detatls of construction, operation, exact materials, or embodiments shown and
described, as modifications and cquivalents will be apparent to one skilled 1o the art. In the
drawings and spectfication, there have been disclosed illustrative emrbodiments and, although
specific terms are emploved, they are used 1 a generic and descriptive sense only and not for

the purpose of limitation.

{8615} Show m a side partial sectional view in FIG. 1 is an example of an ¢lectrical
submersible pumping system (“ESP”} 10 disposed in a well or 12 and which is vsed to
artificially 1ift fhad F produced from surrcunding formation 14, In the example shown,
perforations 16 are formed radially ovtward into formation 14 o allow a flow path for fhad F
to make its way to wellbore 12, ESP 10 includes a motor 18 on its lower or downhole portion.
A pump 20 1s on an upper end of ESP 10 located uphole from motor 18, A scal section 22 18
disposed between the motor 18 and pemp 20. Shown in dashed outline 15 a shatt 24 that extends
from motor 18 to pumnp 20 and aaallv through the seal section 22, Fhud Fincludes hquid 1,
which is shown having accumulated to a level within wellbore 12, The level of the iqguid L 15
above an inlet 26 to the pump 20, and when pump 20 is operating the fhuid F is drawn into
pump 20 via mlet 26, Inside pump 20 are impellers {(not shown} that are attached to shaft 24
and rotate when shaft 24 is rotated by energizing motor 18, Rotating the umpellers pressurizes

fhuid F drawn into pump 20. Alsc in pump 20 are diffusers sequentially located by mmpeliers,
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the combination of which direct the fluid F along a helical path inside pump 20. Production
tubing 24 is shown attached to an upper end of pump 20, and pressured fluid is discharged from
pump 20 into tubing 28, Tubiog 2% in shown supporting the ESP 10 within wellbore 12, An
upper end of tubing 28 attaches o a welthead assembly 30 mounted on surface 5. Wellhead
assembly 30 provides pressure control for well 12 and way for diverting the produced hguid to
offsite facilities for further processing or storage. In the example shown, a power cable 32
extends down to motor 18 within well 12 and which conducts electricity from a power source
34 on surface S to motor 18, A communication means 36 is optionally mchided for conveying
command signals and operational data between surface S and the ESP 10; examples of

conunumication means 36 include wireless, hardwired, a telemetry means, and combinations.

this example is that seal section 22 has an outer housing 38 that circumscribes an axis Ax of
seal section 22, Mounted to an uphole end of housing 38 is a seal head 40, which is shown ag
a substantially solid and cylindrical member. An annular labyrinth chamber 42 is formed
within housing 38 and a head chamber 44 is formed nside seal head 40, As described 1in more
detail below, the head chamber 44 s selectively in communication with pressure and fhud
ambient to the ESP 10, A passage 46 is formed through the seal head 40 and extends from a
downhole end of the head chamber 44 nto an upbole end of the labvrinth chamber 42, An
clongated breather tube 48 1s shown having an uphole end 50 attached to where passage 46
miersects labyrinth chamber 42, A downhole end 52 of breather tube 48 18 1 the labyrmth
chamber 42 and so that chambers 42, 44 are in convmunication with one another via passage
and breather tube 48, A mid portion of breather tube 4% is configured with a loop 54, shown
as a U-shaped portion, and that increases an effective length of the breather tube 48 past its

actual axial length shown within seal section 22.
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{8617} Inside housing 38 1s an annular gude tube 56 that extends from the downhole portion
of the seal head 40 and attaches to an uphole side of a bulkhead 38, where bulkhead 58 is
tHustrated as a cylindrical member with an axial bore 539 and attached to a downhole end of
housing 38. Guide tube 56 circumscnbes shaft 24 and defines an inner radial boundary of the
labyrinth chamber 42, A port 60 1s formed radially through a side wall of gusde tube S6ata
location axially upbole from the downhole end 52 of breather tube 48, The guide tube 56 forms
a guide tube chamber 62 within and that is in pressure communication with motor 18 (FIG. 1)
A bore 63 15 also formed axially through seal head 40 and shaft 24 extends axaally through bore
59 and bore 63, Inner and outer bearings 64, 66 are shown in between shaft 24 and bore 63,
A mechanical face seal 6% is illustrated within the head chamber 44 and arcund shaft 24, and
that defines a barrier to pressure and fhud commumication through bore 63 along shaft 24, Also
formed through seal head 40 is a vent blind 70 that extends axially from a downhole end of the
scal head 40 and then projects radially inward to bore 63 between beaning 64, 66, and the

mechanical face seal 68,

{8618} Still reforring to FIG. 2, a pressure conununication path P is shown that schematically
depicts a route of pressure communication between ambient hydrostatic pressure and diclectric
fhnd imside motor 18 (FIG. 1), Asnoted above, chamber 44 15 in communication with ambient
hydrostatic pressure, path P is shown extending from chamber 44 through passage 46 and
breather tube 48 into the labyrinth chamber 42, then across port 60 and into guide tube chamber
62, which communicates directly with the diclectnie fluid 1w the motor 18, In the example
shown, the spatial locations of the dowrhele end 32, the length of the labyrinth chamber 42,
and the length between the downhole end 32 and port 60 form an elongated flow path for any
wel flaid that may enter into the head chamber 44 and motor 18, Moreover, the addition of
the U-shaped loop 34 mside breather tube 48 further lengthens this comunication path to

mcrease effectiveness of the barrier to conumunicating to any damaging well fuid to the motor
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18, In an alternative, breather tube 48 1s configured to have a diameter that increases with
distance away from the uphele end 30 which further introduces a resistance o flow of well

fluid towards motor 18 and through the fluid communication path P.

10019} Reforring out of FIGS. 2A-2C, an alternative example of the breather tube 48A 5
shown. In this example, the breather tube 48A 15 equipped with a series of flow loops 72A1x
arc arranged along the breather tube 48A and which an uphole and downhole ends 73A1» and
74 A1 that intersect the breather tube 48A at axially spaced are locations. In an example, the
breather tube 48A with the flow loops 72A1. define a valvelar conduit, an example of which
is shown in Tesla, US. patent nomber 1,326.559, which is incorporated herein in its entirety
and for all purposes. Inthe example FIGS. 2A-2C, the flow loops 72 A1 are disposed generally
sequential with one another along the length of the breather tube 48 A, altematives exist where
there 18 some overlapping between these flow loops 72A5- or there is some axial distance
between a downhole end 72 A and the next sequential uphole end 73 A1, of the adjacent flow

loops 72A1..

18028] Referring specifically to FIG. 2B, an example of a flow of fluid F Fasa mside breathor
tuhe 48A 18 shown 1n a direction that 1s downhole, 7.e., from the uphole end 30A 1o downhole
end 52A. Agshown, a main flow of fluid Faza flows inside the breather tube 48A which entered
tibe 48A from the uphole end S0A. Portions of the main flow of fhud Fisa sclectively divert
mto bypass 72A., shown as flow of fluid Froas, and due to the high angle of bending withun the
flow loop 72A4, flow of fluid Fr2a1 reenters tube 484 at a location downstream of where 1t was
diverted from tube 48A and 1n a direction that is substantially opposite that of flow of fluid
Faga The cumulative effect of the multiple flow loops 72A1-» retards the flow of thud Fusa in
this direction of from uphole end 50A to downhole end 52A. This is further schematically

ifustrated by the relative orientations of axis Asa with axes A7a. Ana. As shown, angles €,
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2 between axis Assa and axes A7a, Ana are each acute angles, and in examples these angles
have similar or the same magnitudes. The schematic example tlustrated how the bypass loops
72 Ava draw off a side stream of fluid at an angle that 1s then redirected back into the main flow
at substantially the same angle and in a direction that s largely opposite. Further shown in
FIG. 2B is the flow path FP which illustrates the direction of flow of fluid Fisa from uphole

end S0A to downhole end 5ZA.

{0021} FIG. 2C dlustrates an example of a flow of fluid Fasa through tube 48A 1n a direction
from downhole end SZA to uphole end 30A. In this example, fluid sach as diclectric fhid in
motor 18 is flowing uphole and towards the seal head 40 and 1s in contrast to the flow in the
opposite direction which could bring damaging well fluid to the motor 18, In this example,
angles 1, o between axis Assa and the axes of uphole and downhole ends A7, A7ia are both
cbhtuse. In examples, the magnitudes of angles §1, ¢2 are similar or equal. In the example
tdlustrated 1n FIG. 2C, side stream magnitudes are neghigible as the goometry of the breather
tibe 48A discourages fhmd diversion frora the main flow of fluid Fasa into the bypass loops
72A5.4. Because the obtuse angles required for the fluid to maneuver before entering the flow
loops 48A creates or allows for a very small amount of side stream flaid, so that flow in the
direction from the downhole end 52A to uphole end 50A is largely unimpeded along breather

tube 43A.

18622} FIG. 3 1s an alternaie embodiment of the portion of seal section 228 malkang up the ESP
108, In this example, port 60B s formed radially through a downbole portion of guide tube
56B and inside housing 38B is an anmular labyrinth wall 738 1s provided that has a downhole
end fixed to the downhole portion of guide tube 56B and spaced radially outward from port
608, Labyrinth wall 758 1s spaced radially outward {rom a oud-portion of the guide tube 568

and has an upper end that is adjacent to a shroud 76B. Shroud 76B projects radially ovtward
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from gwde tube 568 and has a lip 778 on its radial 0p that extends downhole past the upper
end of labyrinth wall 75B. In this examaple, a flight member 78B s included which 1s a sleeve-
like element that 15 shown circumscribing shaft 24 and mounted onto an outer surface of shaft
248, such as with a key {not shown) for rotational coupling, and in alternatives is axally
coupled with circlips or by sleeves (not shown) that extend to bearings 64B, 66B. Fhght
member 788 is shown in FIG. 3 extending along an axial distance largely circumscribed by the
labyrinth wall 75B. Included on an outer surface of flight member 78B is a flight clement 80B
that projects radially outward from flight member 788 and extends along fhight member 78B
1a a helical pattern.  An optional outer flight 828 15 mciuded which 1s formed along an tnmer
surface of guide tube 568 and that faces an outer surface of flight member 78B. On an taner
surface of outer flight 828 s an outer flight member 848, which extends axially along a portion
of outer thght 828 and that projects radially inward towards flight clement 808; and
examples is configured complementary to flight element 80B. Webs 868 are shown in FIG.
3A extending radially between diffuser flight 82B and labyrinth wall 75B and through a flow
path 88B formed between flight 828 and wall 75B. In a non-hmuting example guide tube 568
{with s cuter flight 828 and outer fhght member 84} and labyrinth wall 758 are a single picce
and held together with the webs 86A. In examples, the single picee 18 cast or fabricated using

additive manufacturing.

160231 In a non-limiting example of operation, flight member 788 and flight ¢lement 80B
rotate with rotation of shaft 24B and generate a flow of fluid along shaft 248 in an uphole
direction within the guide tube 56B. Past the bearmgs 648, 66B the fluid mpmges on a
downhole surface of the mechanical seal 6%B and generates a localized increase in pressure,
which in the cvent of failure of mechanical scal 68B would form a barrier to a flow of well

fhud along shaft 248 and to motor 18 (FIG. 1),
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{8624} The present nvention described herem, thercfore, 1s well adapted to carry out the
objects and attam the cnds and advantages mentioned, as well as others inhicrent therein. While
a presently preferred embodiment of the mvention has been given for purposes of disclosure,
numeroas changes exist in the details of procedures for accomplishing the desired resulis.
These and other similar modifications will readily suggest themselves to those skilled in the
art, and arc intended to be encompassed within the spirit of the present invention disclosed

herein and the scope of the appended claims.
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CLAIMS
What is claimed 1s:
L. An electrical submersible pumping system ("ESP”Y (10} comprising:

a motor (18);

a shaft (24) having an end attached to the motor (18});

a pump (20) attached to an end of the shafi (24) distal from the motor (18); and

charactenized by,

a scal section (22) disposed between the motor (18) and the pump (20} comprising,
a breather tube {48) having,

an uphole end (50} that 1s in pressure communication to ambient hydrostatic

pressure,

a downhole end (52 distal from the uphole end (50) and that 15 in pressure

commumcaton with the motor (18}, and

a mid-portion baving an undulating contour.

2. The ESP (10} of Claim 1, characterized in that the undulating contour comprises a U-
shaped bend.
3. The ESP (10) of Claims 1 or 2, characterized in that the undulating contour comprises

arecycle loop mounted to the breather tube (48A), the recvele loop having a curved mid-section
and upper and lower ends (73A, 74A} that intersect the breather tube (48} at spaced apart

locations along a length of the breather tube {(48A) to define a valvular conduit.
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4. The ESP (10) of Claim 3, characierized in that the upper end (73A} intersccis the
breather tube {48) at an upper indersection that 1s uphole of where the lowerend (74A) intersects
the breather tube (43), whercin the portion of the recycle loop proximate o the upper
mtersection 1s al an acute angle to a portion of the breather tube (48) adjacent the upper
miersection and on a side opposite the uphole end (50), and wherein the portion of the recycle
loop proximate to the lower intersection is at an acute angle to a portion of the breather tube

{48} adjacent the lower mtersection and on a side opposite the uphole end (50).

3. The ESP (10} of Claim 4, further characterized by a mudtiplicity of recyele loops

arranged in series along the length of the breather tube {(48A).

6. The ESP (10) of any of Claims 1-5, further characterized by a seal section housing {38},
a guide tube (56} n the seal section (22) that circumscribes a portion of the shaft (24) and that
1s spaced radially inward from the secal section housing (38), and a labvrmth chamber {42}

defined m an annulus between the guide tube (56} and seal section housing (3€).

7. The ESP (10} of Claim 6, characterized in that the breather tube (48) is disposed in the

fabyrinth chamber (42).

3. The ESP (10) of Claim 7, characterized in that a port (60} is formed radially through
the guide tube {36} at a location axially between the uphole and downhole ends (80, 532} of the
breather tube (48}, a0 that a pressure communication path between the pump (20) and the motor
{18} extends from the uphoie end (50) of the breather tube (48} 1o the downhole end (52) of the
breather tube (48}, uphole to the port (60}, and dowshole to the motor (18} m an annular space

between the shaft {24) and the guide tube (86},

9. The ESP (10} of any of Claims 1-8, further characterized by a mechanical seal (68B)

on the shaft (24B) and a helical flight (78B) on the downhole end of the mechanical seal (68B),
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the flight (78B) configured to increase fluid pressure on a downhole side ofthe mechanical seal

(688,

10. The ESP (10} of any of Claims 1-9, characterized m that the undulating contour
comprises a diameter of the breather tube (48) that increases with distance from uphole end

{30} to the downhole end (52}

11, Anclectrical submersible pumping system (“ESP”) (10) comprising:

amotor {18}

a pump (20} uphole of the motor (18);

a shaft (24) having an end attached the motor {18) and an opposing end attached fo the

purap (20}; and

characterized by,

3 seal section (22} disposed between the motor (18} and the pump (20) having a

labyrinth chamber (42) with a flow path that restricts fluid commaunication.

12, The ESP (10B) of Claim 11, further characterized by a helical flight (78B) on an outer
surface of the shaft (248) that operates as a positive displacernent pup with rotation of the
shaft (24B} and so that fluid exiting the positive displacement pump genorates an increase in

pressure on a downhole side of a mechanical seal (68B) around the shaft (24B).

13. The ESP (10B) of Claim 12, characterized in that the seal section (22B} comprises an
outer housing (38B) with a seal head (40B) on an upbole end (50B) of the housing, the seal
head (40B) having an axial bore that receives the shaft (24B), and wherein a vent tube (70B)
is formed through the seal head (40B) that provides a flow path for fluid to flow mnto the seal

section (22B) from adjacent the mechamical seal (688},
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14, The ESP (10) of any of Claims 11-13, characterized in that the flow path exiends

through a breather tube (48} with a U-shaped portion,

is. The ESP (10} of any of Claims 11~14, charactenized n that the fhuad tlow path extends

through a valvular conduit.

16. The ESP (10) of Claim 15, characierized in that fluid flow in a direction to the motor
{iR) is restricted m the valvular conduit, and wherein fluid flow in a direction away from the

motor (18) flows substantially unimpeded through the valvular conduit.

17. The ESP {10} of any of Claims 11-16, characierized in that the flow path extends

through a breather tube (48} with a diameter that increases with distance downhole.
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