SYSTEM AND METHOD FOR REDUCI NG THRUST ACTI NG ON SUBMERSI BLE PUMPI NG
COVPONENTS BACKGROUND [00011 When punpi ng downhole fluids with an electric
subnersi bl e punp, a variety of hydraulic forces act on various conponents.
For exanple, inpellers in centrifugal, subnersible punps tend to create

| arge reaction forces that act in a direction opposite to the direction of
fluid flow The large reaction forces are resisted by, for exanple, a

t hrust washer in each stage of a floater style punp or by a notor protector

thrust beari ggSTEM AND' PEETHOP FOR REDUCINGZTHRYSTACTINGONd by
the inpeller in each stage of a subnersible punp can be problematic in a

variety of submnersi bl SPBVEERSIBI.Ei PCMPING (IOMPANBNTXed flow stages
and punps with radial flow stages. In sonme floater style designs, for
exanple, a significant portion of power loss in the punp is due to thrust

friction occurring at the outer thrust washer due to relatively high
friction induced torque at this ra&ﬁéﬂﬁggéﬂﬂﬁging position. If the outer
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features with t bIe uce certain thrust |oads
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described with referenc o the acconpanylng drawi ngs, wherein |ike

reference nunerals denote |like elenents, and:
[0002] The thrust created by the impeller in each stage of a submersible pump can

be problematic in a variety of submersible pump types, including pumps with mixed flow
stages and pumps with radial flow stages. In some floater style designs, for example, a
significant portion of power loss in the pump is due to thrust friction occurring at the
outer thrust washer due to relatively high friction induced torque at this radially outlying
position. If the outer thrust washer is removed from the floater style stage, however, the

lack of any seal functionality increases leakage loss.

SUMMARY
[0003] In general, the present invention provides a technique for pumping fluids
in a submerged environment. The technique is useful with submersible pumping
systems, such as those used in wellbore applications for pumping downhole fluids. A
submersible pumping system is designed to utilize thrust control features with the
submersible pump to reduce certain thrust loads otherwise acting on submersible pump

components.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Certain embodiments of the invention will hereafter be described with

reference to the accompanying drawings, wherein like reference numerals denote like

elements, and:



1 [00051 Figure 1 is an elevation view of an enbodi nent of an electric
subnersi bl e punping system deployed in a wel |l bore, according to an

enbodi ment of the present invention; [0006] Figure 2 is a parti al
cross-sectional view of an enbodi nent of the subnersible punp illustrated
in Figure 1, according to an enbodi ment of the present invention; [0007]
Figure 3 is a partial cross-sectional view of another enbodi nent of the
subnersible punp illustrated in Figure 1, according to an enbodi nent of the
present i roeos]i on; [FOARS] iFampeetién viewaofpardmbelinnmo sfasdedtiiondmeviide of
anot her enbodi nent of the subnersible punp.illustrated.in Fi.gure 1

accordi ng tROPINE RGN fEPleYSt 1t faVeiPete atco lﬁ%é%taf‘oet’i’,lbog%%ffgﬁegmeéé% is a
partial crogssggtional view of another enbodi ment of the submersible punp
illustrated in Figure 1, according to an enbodi nent of the present
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enbodi nent of th submnefsi J i i i : , LNg to
an enboat menee t BB aL RS, ARy 4 Rl ie B oot QRN U
fol | owi ng desatiopt i on, nunerous details are set forth to provide an
under st andi n f the present invention. However, it w.l be understgod by
t hose of dpgﬁ)ﬁary slﬁ?ﬁrei NSt crpgsasectqnal ﬁlregs‘éé]?nolﬂ?‘?\‘}gﬁﬁf’glﬁwﬁé?%g’g
practiced wybhgmivld ?ﬁﬁ@ ifleimkdaSin Bigtret NadecHdMR! BUS ¥abddnk@NS BE present

e

modi fications from descri bed enbodi mrents may be possible. [00121 The
present invemntion; rel ates to a system and net hodol ogy for reducing certain

effects of [’i)ﬁﬁé]St ! Oafqgurg LR LHar LG PUBRIRAD viehHbHFnothe? TenfOb@IMRE of tHE

system and
submersible pump illustrated in Figure 1, according to an embodiment of the present

invention;

[0009] Figure 5 is a partial cross-sectional view of another embodiment of the
submersible pump illustrated in Figure 1, according to an embodiment of the present
invention; and

[0010] Figure 6 is a partial cross-sectional view of another embodiment of the
submersible pump illustrated in Figure 1, according to an embodiment of the present

invention.

DETAILED DESCRIPTION

[0011] In the following description, numerous details are set forth to provide an
understanding of the present invention. However, it will be understood by those of
ordinary skill in the art that the present invention may be practiced without these details
and that numerous variations or modifications from the described embodiments may be
possible.

[0012] The present invention relates to a system and methodology for reducing
certain effects of thrust loads created while pumping fluids. For example, the system and
methodology can be used in submersible pumping systems having centrifugal style,
submersible pumps. One or more features are incorporated into the submersible pumping

system to manage the hydraulic forces acting on external surfaces of the pump impellers



met hodol ogy can be used in subnersible punping systens having centrifugal
style, subnersible punps. One or nore features are incorporated into the
subnersi bl e punping systemto manage the hydraulic forces acting on
external surfaces of the punp inpellers 2 that tend to create |arge
reaction forces acting opposite to the flow direction of the punped fluid.
[0013] Referring generally to Figure 1, an enbodi nent of a subnersible
punpi ng system 20, such as an electric subnersible punping system is
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system 20 i's depl’oyed I'n wellbore by a deploynment system 38 that may
have a var isebyemiblcpmipiggistanons. For exanpl e, depl oynent system 38 may

conpri t yhj 40, h i bj . i i A
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t hrough, for exanple, tubing 40 to a desired collection
wellbore casing 34 to enable flow of fluids between the surrounding formation 30 and the
wellbore 32.
[0015] Submersible pumping system 20 is deployed in wellbore 32 by a
deployment system 38 that may have a variety of configurations. For example,
deployment system 38 may comprise tubing 40, such as coiled tubing or production
tubing, connected to submersible pump 22 by a connector 42. Power is provided to the at
least one submersible motor 24 via a power cable 44. The submersible motor 24, in turn,
powers submersible pump 22 which can be used to draw in production fluid through a
pump intake 46. Within submersible pump 22, a plurality of impellers is rotated to pump
or produce the production fluid through, for example, tubing 40 to a desired collection
location which may be at a surface 48 of the Earth.
[0016] It should be noted the illustrated submersible pumping system 20 is only
one example of many types of submersible pumping systems that can benefit from the
features described herein. For example, other components can be added to the pumping
system, and other deployment systems may be used. Additionally, the production fluids
may be pumped to the collection location through tubing 40 or through the annulus

around deployment system 38. The submersible pump or pumps 22 also can utilize

different types of stages, such as mixed flow stages or radial flow stages.
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| ocation which may be at a surface 48 of the Earth. [00161 It should be
noted the illustrated subnersible punping system?20 is only one exanple of
many types of submersible punping systens that can benefit fromthe
features described herein. For exanple, other conponents can be added to
the punping system and other depl oynent systens nmay be used.

Additionally, the production fluids may be punped to the collection

| ocation through tubing 40 or through the annulus around depl oynent system
38. The subjerygi bl e mefaries cpuidlsy B2Fighe, Gatrostdekiicial vibw fseprevitied ypas of
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be formed to create an i ler for a floater stage, as illustrated in

Fi gure 2, otefined by theclppesisinompstierdeusing 68, #idderangps mag dietiped| tp greate

i npel I er housi ng;68. may, be desi gne r. 1 radi al
flow st age,anolrlm aH%rt Ser Bﬁsola}t:%f 5%%%%56@1955%5 ﬁg}gﬁaefz,[psr)e%&?an%rﬂ ﬁsésfcgn?%fgg (?)euenp 22.
[0018] In thiguendodAdditiénallly) iisdetlat Relising 68 gy deAesigmed toneeatt rmised ftewber
70, such as an iaglg?gr t hrust washer, .is positi or}ed to resi Stblt hrust2 | oads,
e.g. downt hitee 2 Fsiiflow sqesaPreiothyr wiable st PNl [PrisI omsEsblp pUiRZe:
embodi nent, jgofgier t hriyshe YRSRhent GlidstrateR S FighRINE dn itheRhrisiRRhbeF 70, 8adhUr e
72, such as a recess formed in an upper portion of inpeller housing 68.

The inner t#v estinngadhrast Washies igipopibiondll ieteist thrvelopdfpéig dlowgthryssdoads,
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| nst ead of _
positioned in an impeller feature 72, such as a recess formed in an upper portion of

impeller housing 68. The inner thrust washer 70 is disposed between the impeller 52 and
a radially inward portion 74 of the next adjacent upstream diffuser 66. Instead of a
conventional outer thrust washer, however, an axially compliant outer seal member 76 is
used. In the embodiment of Figure 2, seal member 76 comprises a radial seal 78
positioned in sealing engagement with a generally axially oriented section 80 of impeller
housing 68. Thus, the seal member 76 forms a sealing point with section 80 of impeller
52, and the sealing point is translatable axially along section 80. The radial seal 78 may
be positioned within a recess 82 formed in a portion of the adjacent diffuser 66, as
illustrated. Accordingly, an outer seal is formed between the impeller and the adjacent
diffuser without the creation of unwanted reaction forces on radially outward surfaces
within submersible pump 22.

[0019] An alternate embodiment of seal member 76 is illustrated in Figure 3. In
this embodiment, inner thrust member 70 is similarly positioned at a radially inward
position. However, seal member 76 comprises a radially outlying member 84, such as an

outer washer, supported by an axially compliant member 86. The axially compliant
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conventional outer thrust washer, however, an axially conpliant outer seal
menber 76 is wused. In the enbodi nent of Figure 2, seal nenber 76 conprises
a radial seal 78 positioned in sealing engagenment with a generally axially
oriented section 80 of inpeller housing 68. Thus, the seal nenber 76 forns
a sealing point wwth section 80 of inpeller 52, and the sealing point is
transl atable axially along section 80. The radial seal 78 may be
positioned within a recess 82 forned in a portion of the adjacent diffuser
66, as il ImstbeaB8éanabtdectoandiatigh yf secahmembear7tsieal gehsraﬂyoax'mloﬂitmetﬁmm\e;nvirthe
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conpr essi OnypSHRGRRst Q/aﬁle'rmlﬁath{% Jrﬁ%ﬁméﬁaé floSPbadsee 108 hdo@MPhRGS

embodi ment of the system for managi ng t hrust gads t he net %rust {oad,
e.g. net dowernber#Sttolpoessyre balantrethe euuaadember@ﬂesﬁurfbmaasammag ba rodied)st

vasher ar ea.sg. phe. Tumeller 0L SShALgE REESSUEE L BLNETtNAD Lhe | el er

inlet pressure ARE "ot T AS her

passage i s rhahbed8and aghruat ;Eddl’di&ﬂie adimseghiediff8&rt tn prccsampie, thelthmsteméhieert hr ust
menber 88. The fl ow pass ge can_be routed, _for ?Gjé(a | e, bs&ween t he thrust
menber 88 did Stehé HRSEMRETSS hsid Bt welaimenEatpy Br2e8 2RRFtent hr ust

pad of the jggit@camtalgi JutWws@rof dnney@n®l SXEALBelldNes Hkabd TEFRRfe 4. The
retaining feature 90 may comprise a groove 92 formed in a lower portion of the impeller
52. A flow passage 94 is routed along a backside of thrust member 88 between thrust
member 88 and impeller 52, as illustrated by arrow 96 in Figure 4. The flow path or
passage 94 creates a flow of fluid during operation of submersible pump 22 which
decreases the thrust load acting on the thrust member 88. Alternatively, flow passage 94
can be formed between thrust member 88 and the adjacent diffuser 66 (see dashed lines
in Figure 4). For example, flow can be directed along radial grooves formed across the
thrust member 88 and/or the adjacent diffuser 66 to decrease the thrust load acting on
thrust member 88.
[0021] The flow passage 94 may be created by a variety of techniques, including
spot facing impeller 52 at several locations in the retaining feature region to create the
passage behind thrust member 88. The thrust member 88 may be press fit into retaining
feature 90 to secure the thrust member at a location that forms the desired flow passage
94. In this embodiment, the net thrust reducing flow is directed from a radially outward
region of thrust member 88, along the backside of thrust member 88, and out along a

radially inward region of thrust member 88. In some embodiments, the flow of fluid
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88, e.g. a thrust washer, is held in a retaining feature 90 of inpeller 52
at a position located radially outward of an eye 91 of the inpeller, as
illustrated in Figure 4. The retaining feature 90 nay conprise a groove 92
formed in a | ower portion of the inpeller 52. A flow passage 94 is routed
al ong a backsi de of thrust nenber 88 between thrust nenber 88 and inpeller
52, as illustrated by arrow 96 in Figure 4. The flow path or passage 94
creates a flow of fluid during operation of subnersible punp 22 which

decr eases ttheughrflest phssad HCisi expelded dsdtehﬂohgluatgapﬂnfbmen&SwasAbﬁ bornahd vel v,

fl ow passage 94  can be forrre bet wee thrus 88 and the ad'a ent

i 1 usor - e ARERBA! P HBTer R Gl dt 3006 Dbl e TPPoR it cas
directed al @p@akhacH @dw ga@,@gfee% fRunEst R& ASStHeMRw kb SRADaHNBRalang/ or
the adjacent diffuser 66 to decrease the thrust |oad acting on thrust
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through a g i eller
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I n this enbedlidre hbles 11 D2 afRSformetomriugh uﬁmpbﬁqfdrtﬁﬁltdfri@pam&noﬁkmﬁwﬁumte threerrber

98 i s reduced. Downt hrust mepber 98 may nprise a downt hrust pad or
thrust wash@feriongassage be qHSéa%Yeereé{neateﬁlaa.aagerlsrrallmé&ahdﬂectwn However, the

positioning and orientation of balance holes 102 can be adjusted as desired for specific

applications.

[0023] At start up of submersible pump 22, the impeller 52 of each stage 50 rests
on its downthrust member 98. After startup, impellers 52 rotate and a leakage flow is
induced by the discharge of each impeller 52 across upper the thrust member 100 and
through balance hole(s) 102. This leakage flow reduces the pressure in the cavity
between thrust members 98 and 100, causing the impeller 52 to shift upwardly and to
contact the upper thrust member 100. The face seal formed by the upper thrust member
100 also seals off leakage flow through the balance holes 102. Accordingly, this
configuration provides an improved axial balance because the top area of impeller 52 that
is located radially inward of upper thrust member 100 is exposed to impeller inlet
pressure rather than impeller discharge pressure. Also, the embodiment illustrated in
Figure 5 may utilize seal member 76 to facilitate sealed, axial movement of impeller 52.
For example, seal member 76 may comprise radial seal 78 which allows axial translation
of the impeller while maintaining a seal between the impeller and an adjacent diffuser.
The embodiment illustrated in Figure 5 is particularly applicable to radial flow stages and

enables the stages to have a compact stage height relative to conventional designs.
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position, as illustrated. The downthrust acting on nenber 98 is reduced by
i ncorporating an upper thrust nenmber 100, such as an upper thrust pad or
washer. Additionally, one or nore balance holes 102 are positioned to

al l ow | eakage of fluid frominterior passage 62 of inpeller 52 and across
upper thrust menber 100. In the enbodinent illustrated, balance holes 102
are formed through an upper portion of inpeller housing 68 above the
interior passage 62, and they are oriented in a generally axial direction.
However, tH@024josi ti Refergngigenavallyetot Bigivens, aihothat embedimehtesf thd 2ystan aoé

adj usted as sired for specific, applications. 023). tart f
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. o8 9 .
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inpeller inlet pressure rather than inpeller discharge pressure. Also, the

embodi nent 104 tis@r balangei ¢hanbiey U8 of amyuppes of Aovwastagansiager 1046 tly some
facilitate gga Xhal ,%gg% i%ﬁ%ll the F e, alhmenber
76 nmay conpri sgﬁ?(gléléa:d{%seugpg E?%Lma vvsl%gx?ilth%rg)ﬁs gt?ir%%@, (?St Hﬂg

i npel | er wHbwer/wmiraim istage §04hisselaivebest inwermasheagerii¥ inenbmaerdibkerpuan) 2% elnt
diffuser. The e di nent, illustrated i.n FH gu i S j cul ar

appl i cabl e ?tgerregg;l%gimefqﬁ%o%esiygtaglscagr?g detqélﬁg%fl %gﬁ ?tﬁjg thsetlzli gi&{ lg%iﬁ%l\?(llae\{gf &hg npact

st age hei ghdubfretsitilé p@mp.0 conventi onal designs. 6 [00241 Referring generally

to Figure 6, another enbodi ment of the system and met hodol ogy for punping
fluids and WfRigi ng tHCUNEsSPEsapay ibs R 7 SIFRTE § WIS ol oA

submer si bl e, RFBwAL 10f TOHDINE slcbE sREERIAT 038 R tddSbal RcEBHaibe N 16
In one embodiment, passageway 112 is routed at least partially through shaft 54, and the
passageway may be routed generally along a central axis of shaft 54. Additionally, an
orifice 114 or other restrictor may be located in the passageway 112 to control the
leakage flow rate from the upper/downstream stage 104 to the lower/upstream stage 104.

[0026] Specific components used in submersible pumping system 20 can vary
depending on the actual well application in which the system is used. The specific
components, component size and component location for managing net thrust loads also
can vary from one submersible pumping system to another and from one well application
to another. The specific embodiment utilized for controlling the thrust loads acting on
certain components within the submersible pumping system is selected based on a variety
of factors, e.g. the number and arrangement of submersible pumps, submersible motors,
and motor protectors as well as the specific well environment, well application and
production requirements. Other components can be attached to, or formed as part of, the

electric submersible pumping system.



plurality of stacked, conpression stages 104 having inpellers 52 rotated by
shaft 54. Wth conpression stages 104, the net thrust |oad, e.g.

downt hrust | oad, resulting from rotation of inpellers 52 is resisted by a
protector bearing 106 (illustrated schematically in dashed |ines) |ocated
in notor protector 26. The thrust |oad on protector bearing 106 is reduced
by effectively porting pressure froman inlet 108 of a | ower or upstream
stage 104 to a bal ance chanber 110 of an upper or downstream stage 104. In
some enbodOOENtS, t hrecogdpgly, ddthosdh @dmasfeagentiddinérss bhehetgsensinvaitvge, and
the | ower/upstream st 104 i.s a |l ower or. | Qwernost stage 104 in

subner si bl d3FaMFeD esarfed g risiai b Rt F qrﬁ@a@yﬁlﬁm@% P Vi IPYHEd such
that the i npptech@Bihad nfall¢ rd¥ifdatiOhs hildEposSHRMRHIRIUP RN depAERS Frodh he
pressure nmay be ported by creating a pressure relief path or fluid
passageway t¢achirgs @inthiphénvsatient Suchs magdidichtiingtare ogended thbe snsiused edthathgnce
chanmber 110 J dj y 112 is routed at | east
partially f%?%%gﬁggﬁg%HRﬁh%ﬂgﬁéa%ﬁ@ﬁégggéggemay may be routed generally
along a central axis of shaft 54. Additionally, an orifice 114 or other
restrictor may be located in the passageway 112 to control the | eakage
flowrate fromthe upper/downstream stage 104 to the | ower/upstream stage
104. [00261 Specific conponents used in subnersible punping system 20 can
vary depending on the actual well application in which the systemis used.
The specific conponents, conponent size and conponent | ocation for
managi ng net thrust | oads also can vary from one subnersi bl e punping
systemto another and fromone well application to another. The specific
enbodi nent utilized for controlling the thrust |oads acting on certain
conponents within the subnersible punping systemis selected based on a
variety of factors, e.g. the nunber and arrangenent of subnersible punps,
subnersible notors, and notor protectors as well as the specific well
environment, well application and production requirenents. O her
conponents can be attached to, or fornmed as part of, the electric
subner si bl e punpi ng system 7



[ 0027] Accordingly, although only a few enbodi nents of the present

i nvention have been described in detail above, those of ordinary skill in
the art will readily appreciate that many nodifications are possible

wi thout materially departing fromthe teachings of this invention. Such
modi fications are intended to be ingudpdsw thin the scope of this
invention as defined in the clains. 8 CCATM5 Wat is clained is: 1. A
syst em f &hagpungaimgdfid:ui d, conprising: a subnersible punp conprising a
plurality of stages, each stage having an inpeller, a downthrust pad, an
upper thrust pad, and at |east one bal ance hole positioned to allow

| eakage ¢f f|yig@khpﬂ%bﬁ@mh@ﬁﬁﬁ&QbHQﬁﬁﬁ@arge and across the upper thrust
pad, wherein a I'eakage flow across the upper thrust pad and through the
bal ance hol e causes sub@eisipephwp compsiingta Ryt ef stagss: ah fags hayP&ran hr ust

pad, - and bl ogl,Ufie | ARG St 36" 038 S UARE ol Bl A LaEE ol e

downt hr ust paHnP% I nwar romthe upper thrust pad,
and the bal anggsiiehdd ioSalesilédkagedf Mal dohy threimysdier divehatgevantraosiss tleed and

the wupper thrust pad. 2. The systemas recited.in claim1, erein the
i mpel | er conpMPREShENt Paehevhessin anlsaiach Jlows a¢rRss the YPRE Y p?‘¥\h89\55 ﬁHQ%e

thr ough whi C pef ook foflSe e (e BHARE 1o LR uoRAkBNE6 AR Ee Bsbcranas il od

generally in an axra Irection ough the 1npeller housing above the
interior flowapdbkakehe 18akafhdosyatremtlasuppecthrestipadi cl aim 1, furt her

conprising a seal nmenber transl atable.in., an axial di.rection, system
as recited in eéﬁlg’ﬁf, ‘?W?Wagé%ﬂosétﬂ%fﬁ’g r?‘galiy ’fnlwc?é(?(t,rp mstﬁ"abl .ergf.m%%yst em
as recited inghahMdlanbd hoREE foRifiRhe® ritGally bether shdtewnmhit paddnd therot or

protector coupled to the subnersible punp.
upper thrust pad.

2. The system as recited in claim 1, wherein the impeller comprises an impeller
housing having an interior flow passage through which well fluids are produced, the
balance hole being oriented generally in an axial direction through the impeller

housing above the interior flow passage.

3. The system as recited in claim 1, further comprising a seal member translatable in

an axial direction.
4. The system as recited in claim 1, wherein each stage is a floater stage.

5. The system as recited in claim 1, further comprising a submersible motor and a

motor protector coupled to the submersible pump.

6. A method for managing thrust loads in a submersible pumping system, comprising:
stacking a plurality of pump stages to form a submersible pump, each pump

stage having an impeller;
positioning a downthrust pad and an upper thrust pad to engage the impeller

during operation;



6. A nethod for managing thrust |loads in a submersible punping system
conprising: stacking a plurality of punp stages to form a subnersible
punp, each punp stage having an inpeller; positioning a downthrust pad and
an upper thrust pad to engage the inpeller during operation; 9 orienting

at |east one bal anGe. ke 1Qsde B4 dne& ke o Allow ebkded OMidHrdn b irit€dor Of
the inpeller and across-the upper thrust pad to nove the inpeller upwardly

into engagenehtheinpblldred wpmes thehuppst thpest paditimove thei isweler wmerdswpienr ust
pad radially inward frao he u r thrust, pad, and positioning the bal ance
hol e radialIymﬁﬁgﬂggﬁ‘Tﬂ£&ﬂ8ﬁﬂgﬁ§W§ﬂm8a8“%nd the upper thrust pad. 7. The

met hod as recited b&i&érﬁﬁ%ﬂ}fb JMARRRENP AT tanllyngwafoinstis uppéretiisngad,he

bal ance hole in a generally axial direction 8. The nethod as cited in
claim6, furt st poctmmiisihapalocphelngdidly qum@mpwmhﬁ%ﬁ@ 6“‘£1t WBREr si bl e
notor and a nﬁﬁgr géotector. 9. The nmethod as recited in claim®6, wherein
positioning t W8It hr ust pad and the upper thrust pad conprises
positioning a downt hrust washer and an upthrust washer. 10

7. The method as recited in claim 6, wherein orienting comprises orienting the balance

hole in a generally axial direction

8. The method as recited in claim 6, further comprising coupling the submersible

pump to a submersible motor and a motor protector.

0. The method as recited in claim 6, wherein positioning the downthrust pad and the
upper thrust pad comprises positioning a downthrust washer and an upthrust

washer.

10



