SYSTEM AND METHOD FOR REDUCI NG THRUST ACTI NG ON
SUBMERSI BLE PUMPI NG COVPONENTS BACKGROUND [ 0001] When
punpi ng downhole fluids with an el ectric subnersible
punp, a variety of hydraulic forces act on various
conponents. For exanple, inpellers in centrifugal,
subnersi bl e punps tend to create |large reaction forces
that act in a direction opposite to the direction of
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created by the inpeller in each stage of a submersible
punp can be problematic in a variety of subnersible
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a subnerged environnment. The technique is useful with
subnersi bl e punping systens, such as those used in
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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:



el enents, and: 1 10005] Figure 1 is an elevation view
of an enbodi nent of an electric subnersible punping
system depl oyed in a well bore, according to an

enbodi nent of the present invention; [0006] Figure 2
Is a partial cross-sectional view of an enbodi nent of
the subnersible punp illustrated in Figure 1,
according to an enmbodi nent of the present i nvention;

0007] Figure 3.s a art i al s onal . vi ew of _
88 er entogiRaiE 2B ey flon \gg‘gﬁg Bﬁg Hrpof an electric submersible
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e present |nvent| on; [00081 Figure 4 is a partial
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Ssubsnessilpta rpuint 1111?1&@666 $e Figuond| asdoedingfio ancnftediment of the present
enbodj nent of the subnersible punp illustrated in

Fmﬁﬁﬁ@nl according to an enbodi nent of the present

| [0007f | on. BBGrel DD afilal UfRs Gedtidnal &K Idfainother embodiment of the
cross-sectional view of another enbodi nent of the
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n gﬂ&g&inent of the present invention. DETAILED
ION [00111 In the foll ow ng description, _
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a;,{veﬁﬁa{ the present invention may be practiced
w t hout these details and that nunerous varl ations

mif0P] cat i oRigure dif RIS SETt5RioBALYE RirAnotheg W@dlment of the
Posshdbibie 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



[00121 The present invention relates to a system and
nmet hodol ogy for reducing certain effects of thrust

| oads created while punping fluids. For exanple, the
system and net hodol ogy can be used in submersible
punpi ng systens having centrifugal style, subnersible
punps. One or nore features are incorporated into the
subnersi bl e punping systemto nanage the hydraul i c
forces actln% on external_ surfaces of
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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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powers submersi bl e punp 22 which can be used to draw
in production fluid through a punp intake 46. Wthin
subnersi ble punp 22, a plurality of inpellers is
rotated to punp or produce the production fluid

t hrough, for exanple, tubing 40 to a desired
collection |Ilocation which may be at a surface 48 of
the Earth. [0016] It should be noted the illustrated

subnersi bl e punping s e 0
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pumnp e enbodi nent lustrated,in
Fivged.e 18, tharemhmdrmertt hﬁu&gme?rb%ﬂﬁl Wm@ﬂc% comprigss janradjal seal 78

é%gx%ltaaﬁp?%}g}g e[ngggeiﬁet& QG deRefafiy axfanl BribiRtd bRAGS 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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created by the rotating inpeller 52. In this

enbodi nent, inner thrust washer 70 is positioned in
an inpeller feature 72, such as a recess fornmed in an
upper portion of inpeller housing 68. The inner

t hrust washer 70 is di sposed between the inpeller 52
and a radially inward portion 74 of the next adjacent
upstream di ffuser 66. Instead of a conventional outer
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g ocﬁﬁ He} 55 led 198 0eenRRsPRefnB LSS tnd the RS St REARRL 86 Gde@ Uashed 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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washer area so the inpeller discharge pressure rather
than the inpeller inlet pressure acts on the thrust
washer. In this enbodinment, a flow passage is forned
across a thrust nenber 88 to pressure bal ance the
thrust nmenber 88. The fl ow passage can be routed, for
exanpl e, between the thrust nenber 88 and the inpeller
52 or between the thrust nenber 88 and a thrust pad
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t hrust ne e and/ or,.th di f.f
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[ 80 ZAdeliER&2f AfadiasSagRr WrubBinehBeC 18R 66 thy ei:hb\édllineﬁt Wlustrated,
of techniques, including spot facing inpeller 5

s balencs| haleschRi aom formad ttlﬁeughe%mehgomeapa papsliey h@ﬁlqgo@ above the
¢ rﬁéﬁcﬁ ﬂa@ %e 333 %:?cﬁ@e?%?é Hﬂeﬁt&{ #155 g@i?éi‘g a)égl dﬁr&ﬁon However, the

rus press Into retalnlng
f padition® @nd onaﬁmnmoﬁ Martch ok 102 rebe be atjuatet s alesird for specific
t hat forms the desired fl ow passage 94. In this
eABRifR , the net thrust reducing flowis directed
f noum3p r adl Alt kit Qi SFRUBmers G plﬂ‘n@QZ tthe uspeliee 6D of eRB stage 50 rests

al ong the backside of thrust nmenh lﬁf‘g nd out al
o On RO e W1 e erhR. depeliEs 52 roists and legage flow is
Mbﬁgttﬁ d%gl% %é Oedh 1Prlph'lla' Sﬁaéragswgr fHeomriBeARABEr 100 and

94 I's ex hrou a gap between a washer bore
anhroagh belaneri Heleth) alfdt efl t§f leaknge nflesy | reduces dhg prsssire ipgthe cavity

Sq)% een Qtortn%%bgrg% gnrael 6d, %\é\{ls'i.t?gs {h%tlﬁﬂgﬁerogz to shift upwardly and to

contact the upper thrust member 100. The face seal formed by the upper thrust member
100 aiso 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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t he bal ance fl ow passage 94 should be | ess than the
flow resistance of the front seal gap in each stage.
[ 0022] Anot her enbodi nment of the system and

met hodol ogy for punping fluids and managi ng thrust
loads is illustrated in Figure 5. In this enbodi nent,
the net downthrust |oad acting on a downt hrust nenber
98 is reduced. Downt hrust menber 98 nmay conprise a
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st bfasg e 02 i adyeer O Forloft et 109 T iyl pump 22. 1n
USRS erhbtlithbiitsiSthe BRERE tanl B d&itthed tshichofgithb ahlanOs is the inlet of the
hol e(s)_  102. This | eakage fl ow reduces the pressure in

t pbmeaiiblepurBet ween t hrust menbers 98 and 100, causi ng

t fizsypel e ' VAEALY ROfinE Q& pleditk@edlicr Path or fluid
uB@é?Whr us?hﬁéﬁ%ggé%%{ béjrﬁe f acz sealngf oIr)msd b?/ 1teh2ﬁ o
upgeagetiay U2 frrenmither seleodl stagsdnkee 408 tofhe selegled delappgpghamber 110.
t hrough it bal ance hol 0 r.di '

o FEp o, PSRy 12 ious0aE Radt daftioly dibuh shatt 54, and the
b passgeevaly iRayt b ranebgdierallydérges céntral hgis ofishaft 6d.ateiditionally, an

radi,al Ly i nward of upper thryst nber 100 is e sed
t Brifpdf oF qUrerestrsloE UK be e HigrPSSFE 112 (0 control the
AR NA U PRERSHItEe ufiedQowhdiRaItRidi1 0B BS thielldwisiiupaideh stage 104.

in lgure 5 may utilize seal nenper 76 to facilitate
sd@Pd, axi §peqn%«/ eprEpencats Yseddn |supmgpsible pympigaystem 20 can vary

Z??é)e\}\ls% St th7e6am \gflpg{rgf[jﬂ&gti&?% Pniciile gﬁte\w iClsed. The specific

componeni(sl, iclam;t)(:nizts Isize: 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.



of the inpeller while maintaining a seal between the

i npel l er and an adj acent diffuser. The enbodi nent
illustrated in Figure 5 is particularly applicable to
radial flow stages and enables the stages to have a
conpact stage height relative to conventional designs.
6 [0024] Referring generally to Figure 6, another
enbodi ment of the system and nethodol ogy for punping
fluids and nanzging thrust loads is illustrated. In

t 9037] enbodhererdinglyusithongh only $ favp embodimenisinfethe prisent invention
[ S 20 1S, .t h i : :

CHER, B USHERACH URall ERE ly"oF ordthdt Ml Bhe gy vl reacily

r syipadotade lthat shenfyt mbdificatifit hire pogatbds siithouistmagesllyl Gépartingefrom the

net thrust |oad, e.g. downthrust |oad, resulting from ...

GRcRES, P, RoRs <Sugh adiieatpes 8 hiphdEb o ap el witin te

bgapt BethisAbvddibh 45 Bémeatn ket cal |y in dashed

1 nes) located 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 sone enbodi nents,

t he upper/downstream stage 104 is the topnost stage,

and the |ower/upstreamstage 104 is a | ower or

| ower nost stage 104 in subnersible punp 22. In other

enbodi nents, the system can be designed such that the

inlet 108 is the inlet of the subnersible punp.

[ 0025] The pressure may be ported by creating a

pressure relief path or fluid passageway 112 fromthe

sel ected stage inlet 108 to the sel ected bal ance

chanber 110. |In one enbodi nent, passageway 112 is

routed at |east partially through shaft 54, and the

passageway nay be routed generally along a centra

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/ downst ream stage 104 to the | ower/upstream stage

104. [0026] Specific conmponents used in subnersible

punpi ng system 20 can vary depending on the actua

wel | application in which the systemis used. The

speci fic conponents, conponent size and conponent

| ocati on for managi ng net thrust |oads al so



can vary from one subnersible punping systemto

anot her and fromone well application to another. The
speci fic enbodinment utilized for controlling the
thrust | oads acting on certain conponents within the
subner si bl e punpi ng systemis sel ected based on a
variety of factors, e.g. the nunber and arrangenent
of submersi bl e punps, subnersible notors, and notor

proteg as well as the specific well environnent,
el | %%&& : . ,

ation and production requirenents. O her
conponents can be attached to, or forned as part of,
t he 1.el ecA systens flrpRepidyl fuidwahiphgingy st em 7 100271

Accordingly, alt ou%gvonbé@ﬂlfeMIenbodlnents of the
present inventy ayiecr Phvelity af sleges Ieach stage having a

above, 1t hpfesedlandinteNa )Sn %Iﬁiel' khrbidl th&fibe, si‘ﬁbt+d b&@EH Hhe diffuser

appreci ate that many nodifications are possi
wi t hout riad &k impellerde pesist thrast fleadson the impeBerhankgsseal member acting

this inv d sqare. intended to

i ncl uded%\%lgukl %}ﬁe ?ﬂéaleggloé éb&?&{ ﬁaﬁlauyrﬁ)\?gﬁa{? 8&% aner tRmSt member,
defi ned :cttne tsgl-;é mémben‘sbel@ @aﬂdlMBJble lin aﬁiblsxﬁslt ﬂiﬁo{tﬁﬁ, wherein the seal
punpi ng ui sin subnersi ble p aving. a )
plurali tﬁ“%’i’b%tcg ngseseaé‘c%‘t?t%‘@ qﬁ@“@l’o"@a})@u@ei"“g@hcompham
i npel | er membernner thrust nmenber positioned between

the diffuser and the inpeller to resist thrust |oads
on the inpeller, and a seal menber acting against the

| - ’ :
i ot - mopeyet B 3 e (R L hofil B BriShe b 3ibrh Rl otor and &
an axi al mbtergubdicctor covpladao thet dabmswitlle purgrber conpri ses

an outer thrust washer supported on an axially
conpliant mnenber. 2. The systemas recited in claim

1, faurt hthe eI iaSiedBedinTIUNEL, $hefeth &Heh SfagaRG ﬂbateﬁn?@agé
protector coupled to the subnersi bl e punp. 3.

systemas recited in claim1, wherein each stage is a
floater §5,89fstem as recited in claim 1, wherein each stage is a compression stage.

5. A system for pumping fluid, comprising;

a submersible pump comprising a plurality of stages, each stage having
an impeller and a thrust member at a position radially outward from an impeller
eye to resist thrust loads on the impeller, wherein a flow passage is oriented
across the thrust member to create a flow of fluid that decreases the thrust load
acting on the thrust member, wherein the thrust member is press fit into a

feature of the impeller.

6. The system as recited in claim 5, wherein the orientation of the flow passage
creates a flow of fluid from a radially outlying region of the thrust member to a

radially inward region of the thrust member.



4. The systemas recited in claim1, wherein each

stage is a conpression stage. 5. A system for punping

fluid, conprising: a subnersible punp conprising a

plurality of stages, each stage having an inpeller

and a thrust nmenber at a position radially outward

froman inpeller eye to resist thrust |oads on the

i mpeller, wherein a flow passage is oriented across

the thrust nmenber to create a flow of fluid that

decreases the thrust |load acting on the thrust

menter, \hersgstamtak escitbd iisdlaineyivdierdis eqeh amge 19 4 floatératage.
feature of the inpeller. 6. The systemas recited in

claim5, wherein the orientation of the flow passage

crea.es artelsQ¥tefasrdcited if E19M & HARKrRbINYriSiHE b¥hBtBersible motor and a
region of the thrust nmenber to a radially inward

regi on ofMQtAEPTOteEies couptgddethe ybmersitiepwyst em as

recited in claimb5, wherein each stage is a floater

stage. 8. The systemas recited in claimb5, further

conpri si ny ractbodrfer sndmagingothoust doadlsain @o$ubmepribit emingping system,
coupl ed to _the subnersible punp. 9. A nethod for

nmanagi ng “PAPUEPE] oads in a submersi bl e punping system

conpri si ngatih® @ Aruign@ntich beseciBdib@nt ReinRAdr A AR Ncent diffuser
an i npell.er and an adjacent diffuser in each stage of

a subner 47 A stage of @ Sekmpapiblsussatiiyzal pyBipio abrorh ﬂﬁgﬁl@vst load of the
| oad of tiﬁgeugrnpel | er; positioning a seal nenber

bet ween t I npel | er and the adjacent diffuser in

each st agesitianigdg ar seehmiemdert heswsemnthermepober and theradjatent diffuser in
general ly Elﬁ;al .translation of a seal point between

the seal ‘Hehber 34 the adj acent diffuser, wherein

ori enti N@riefifdth 3€4 MM ttd Permiih gereealy dxgiRRslkon of a seal point

enabl e axial translation of the seal  nenber relative o
to the ivsbreen, the seal member and the adjacent diffuser, wherein orienting

comprises orienting the seal member to enable axial translation of the seal

member relative to the impeller.

10.  The method as recited in claim 9, wherein positioning comprises mounting the

seal member in a recess formed in the adjacent diffuser.

11.  The method as recited in claim 9, further comprising coupling the submersible,

centrifugal pump to a submersible motor and a motor protector.

12, 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 a diffuser, an impeller and a thrust member to resist thrust loads
imparted by the impeller;

positioning the thrust member against the impeller in each pump stage; and

10



10. The nmethod as recited in claim9, wherein

positioning conprises nounting the seal nenber in a

recess formed in the adjacent diffuser. 11. The net hod

as recited in claim9, further conprising coupling the
subnersi ble, centrifugal punp to a subnersible notor

and a notor protector. 12. A nethod for nanagi ng

thrust loads in a subnersible punping system

conpri si ng:. i I L t .

forma s%ﬁggéﬁ%{é&gﬂﬁ%g s{éllg{g IE))%JIGI'I%I m"?%‘ﬁ%ﬁ% Og fluid across the
di f f user ,thmst mermpledr] whereindlirectinpr costprisesndirctingthe dlowsdf fluid from the
thrust |oa inparted by the i || er; positionin

et hr uSEd ResBRe tn e it ek A Sre By Rredahe S ifigease the thrust
stage; angad akfinglbh tHegheBahahbgn of the subnersible

punp, directing a flow of fluid across the thrust

menber, wherein directing conprises directing the flow

of fiid ' ' : ' i ASk de: .

of 1he ¢ nareihs bR Tocli TP dn pRFUGRAL Pl ol tiioning o
acti ng onhmbtevasheneghinstshbanpellé8. The net hod as recited

in claim12, wherein positioning conprises positioning

a thrust washer against the inpeller. 14. The nethod

as rgci t dheimetBbdhdietiled fruglbien 3 Clarhérl Gnligisiiggsess fitting the thrust
fitting the thrust washer into a correspondi ng

feature oOvsheidntopsereonding featyre opthe Bl recited in

claim 12, further conprising coupling the subnersible

punp to a subnersible notor and a notor protector. 11
15.  The method as recited in claim 12, further comprising coupling the submersible

pump to a submersible motor and a motor protector.
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