SYSTEM AND METHOD FOR REDUCI NG THRUST ACTI NG ON SUBMERSI BLE PUMPI NG
COVPONENTS BACKGROUND [0001] When punping 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
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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
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[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:



el ements, and: | [0005] Figure 1 is an elevation view of an enbodi nent of
an electric subnersible punping systemdeployed in a well bore, according
to an enbodi nent 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 nent 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
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[0008] Figure 4 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;

[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



[0012] The present invention relates to a system and net hodol ogy for
reducing certain effects of thrust | oads created while punping fluids. For
exanpl e, the system and nethodol ogy can be used in submersible punping
systens having centrifugal style, subnersible punps. One or nore features
are incorporated into the submersible punping systemto nmanage the
hydraul ic forces acting on external surfaces of the punp inpellers 2 that
tend to create | arge reaction forces acting opposite to the flow direction
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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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powers subnersible punp 22 which can be used to draw in production fluid
through a punp intake 46. Wthin subnersible punp 22, a plurality of
inmpellers is rotated to punp or produce the production fluid through, for
exanple, tubing 40 to a desired collection |ocation which may be at a
surface 48 of the Earth. [0016] It should be noted the illustrated
subnersi bl e punping system 20 is only one exanple of many types of
subnersi bl e punping systens that can benefit fromthe features described
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created by the rotating impeller 52. In this embodiment, inner thrust washer 70 is
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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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 forned
in an upper portion of inpeller housing 68. The inner thrust washer 70 is
di sposed between the inpeller 52 and a radially inward portion 74 of the
next adj acent upstreamdiffuser 66. Instead of a conventional outer thrust
washer, however, an axially conpliant outer seal nenber 76 is used. In the
enbodi nent of Figure 2, seal nenber 76 conprises a radial seal 78
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reduced by DBS,Ség.r@t}ﬁﬁétaﬁﬁh&g 1§\hél|ilr1i=15e$ retaining feature 90 of impeller 52 at a position
located radially outward of an eye 91 of the impeller, as illustrated in Figure 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
04. 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

I nl et pressure acts on the thrust washer. In this enbodinent, a flow
passage is forned across a thrust nenber 88 to pressure bal ance the thrust
menber 88. The fl ow passage can be routed, for exanple, between the thrust
menber 88 and the inpeller 52 or between the thrust nenber 88 and a thrust
pad of the adjacent diffuser. In one exanple, the thrust nenber 88, e.g. a
thrust washer, is held in a retaining feature 90 of inpeller 52 at a
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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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t he bal ance fl ow passage 94 should be |l ess than the flow resistance of the
front seal gap in each stage. [0022] Another enbodi nent of the system and
met hodol ogy for punping fluids and managing thrust loads is illustrated in
Figure 5. In this enbodi nent, the net downthrust |oad acting on a

downt hrust nenber 98 is reduced. Downthrust nenber 98 nmay conprise a

downt hrust pad or thrust washer and may be located at a radially inward
position, as illustrated. The downt hrust acting on nenber 98 is reduced by
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76 may conpr {(@esy adl al TisE plesstiBe WiiyChe poitcd\By idafihg farmresshft felief path or fluid
passageway 112 from the selected stage inlet 108 to the selected balance chamber 110.

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,



of the inpeller while maintaining a seal between the inpeller and an

adj acent diffuser. The enbodinent 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 nent of the systemand nethodol ogy for punping
fluids and nmanaging thrust loads is illustrated. In this enbodi nent,
subnersi bl e punp 22 of subnersible punping system?20 is formed with a

plurality of ked, ¢onptr.essi stages 1Q4 having | r [ d by
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stage 104 to a bal ance chanber 110 of an upper or downstream stage 104. In
sone enbodi saope of thisiovension o definedtin gelaimage 104 is the topnost stage, and
the |ower/upstreamstage 104 is a |lower or |owernost stage 104 in
subnersi bl e 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 nay be ported by creating a pressure relief path or fluid
passageway 112 fromthe selected 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 nmay 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. [0026] Specific conponents used in subnersible punping system 20 can
vary depending on the actual well application in which the systemis used.
The specific conmponents, conponent size and conponent | ocation for
managi ng net thrust |oads al so



can vary from one subnersible punping systemto another and from one well
application to another. The specific enbodinent utilized for controlling
the thrust |oads acting on certain conmponents within the subnersible
punpi ng 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 environnment, well application and
production requirenents. Qther conponents can be attached to, or formed as
part of, the electric submersible punpjn stem 7 [0027] Accordingly,

al t hough only a few enbodi nents of th222¢§§@¥t i nvention have been

descri bed i nypdgt Biclaimb®e, those of ordinary skill in the art will readily
appreciate that many nodifications are possible without naterially
departing fromthe teachings of this invention. Such nodifications are

i ntended to be ingl el -of this invention as defined in
the clains. 8 CLA ﬁ%g&&&¥ﬁ¢%ﬁéégﬁﬁb§ﬁﬁggl . A system for punping fluid,
conpri sing: a submer siblsebmersiplenpunm davinglauplatality o Stagesa gesh, stegechavdngge
having an inpellegr,. an inner .thrust nmenber. resi st thrust l.oads,on the
el Per . anda. el ahduier i pates o st oot Tosdh el ngi 0884 £ 5l
radial l'y outward @kmbé&eadtingeigainkiiheSinpeldrtiara pésitors Raiallyestipesrdbsti the inner
translatable in an axial direction. 2. The systemas recited in claim1l,

wherei n the seal WBHbanemiery thefeal menger chpingy trapglatables ihaan exigl dirgplign. o
sealing point which slides axially along a generally axially oriented
surface of the inpeller. 3. The systemas recited in claiml1, wherein the
seal nmenber 2onprThesystem autegited inhelaint 1,vwkenein theiggabmenbenis aradially sriegted

conpl i ant menber . seal member that forms a sealing point which slides axially along a generally

axially oriented surface of the impeller.

3, The system as recited in claim 1, wherein the seal member comprises an outer

thrust washer supported on an axially compliant member.

4, The system as recited in claim 1, wherein the seal member comprises an axially
compliant member.
5. The system as recited in claim I, further comprising a submersible motor and a

motor protector coupled to the submersible pump.

6. The system as recited in claim 1, wherein each stage is a floater stage.
7. The system as recited in claim 1, wherein each stage is a compression stage.
8. 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



4. The systemas recited in claim1, wherein the seal nenber conprises an
axially conpliant nmenber. 5. The systemas recited in claiml1, further
conprising a subnersible notor and a notor protector coupled to the
subnersi bl e punp. 6. The systemas recited in claim1l, wherein each stage
is a floater stage. 7. The systemas recited in claim1, wherein each stage
is a conpression stage. 8. A systemfor punping fluid, conprising: a
subnersi bl e punp conprising a plurality of stages, each stage having an

el | o eye to Eet ofFERFle o Ba BESIGY RRLIA AT ol U Wit 0% gy e

passage i s orient tnusaateasbgr.t he 9 thrust nenber to create a flow of fluid
t hat decreases the thrust |load acting on the thrust nmenber. 9. The system
as recited in claim8, wherein the the thrust nmenber is press fit into a

feature of the inpe¢ bydtem ddrecild¥ein Vet W wdSreirefhi tRthiidt flebEd 8 predd @ fitdlat he

orientation of the flow passage creates a flowof fluid froma radially
outlying region ofeaBJH@OEtEwgme ¥enber to a radially inward region of the
thrust nmenber. 11. The systemas recited in claim8, wherein each stage is
a floater stage. 12. The systemas recited in claim8, further conprising a
subner si bl e bt or Thedystem mstrecitedrintadaitog, wherpinettie tovichiatiors wb nisr Aowl Ersgugap.

13. A nethod for managi t hrust | oads j.n,a subnersij bl unpi ng system
conpri sing. I ooat PRECHA EhFLek TV A58 & eiabonivane fogisgi ot che v dnaitier Fb of
a subnersible, ceatallyimgal répisiof the RSP HRnibee t hrust |oad of the inpeller;
positioning a seal nenber between the inpeller and an adjacent diffuser

11.  The system as recited in claim 8, wherein each stage is a floater stage.

12. The system as recited in claim 8, further comprising a submersible motor and a

motor protector coupled to the submersible pump.

13. A method for managing thrust loads in a submersible pumping system,
comprising:
locating a thrust member adjacent an impeller in each stage of a
submersible, centrifugal pump to absorb the thrust load of the impeller;
positioning a seal member between the impeller and an adjacent diffuser
in each stage; and
orienting the seal member to permit generally axial translation of a seal

point between the seal member and the adjacent diffuser.

14.  The method as recited in claim 13, wherein positioning comprises mounting the

seal member in a recess formed in the adjacent diffuser.

15.  The method as recited in claim 13, wherein orienting comprises orienting the seal

member to enable axial translation of the seal member relative to the impeller.
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I n each stage; and orienting the seal nenber to permt generally axial
transl ation of a seal point between the seal nenber and the adjacent
diffuser. 14. The nmethod as recited in claim 13, wherein positioning
conprises nounting the seal menber in a recess fornmed in the adjacent

di ffuser. 15. The nethod as recited in claim213, wherein orienting
conprises orienting the seal nenber to enable axial translation of the

seal nenber relative to the inpeller. 10 16. The nmethod as recited in claim

13, wherein si tipning, the seal nmber. LI SesS supporti a _washer on
an axially cg‘?fpl i Iﬁ? rﬂ@ﬂ%‘gﬂ? T‘)‘Fe‘{FEF\‘é cﬁ%{”hgg’ngvé’e’l:eé‘biWé%%f“ﬁ‘gc@gi ?ﬁaii\%{‘e“? Tt her
conpri si ng coupl i egnprives SuppoRingiabhBher ot axially@amphatitendntbed subner si bl e
notor and a notor protector. 18. A nethod for nmanaging thrust loads in a
subnersi bl e punpi ng system conprising: stacking a plurality of punp

stages to folm a SHORRIRH cdedln RREN3, RIME: SRR uPEnAdisbissibic, 2N

i npel l er and a thrust menber to resist thrust 1o0ads inparted by the

i npel | er; positi offintrifugdeumprto gsubmerbible mefar srvta mhtor progiesitdrer i n each punp
stage; and during operation of the subnersible punp, directing a fl ow of
fluid across the thrust nmenber to decrease the thrust |oad acting on the
thrust nenbeis8. 19A Tiethadetftrodnamagingcthingstl Joadscliai an siBmenditde epumping i dysteni, ng
conprises positioning.a thrust washer against the inpeller. 20. The nethod
as recited in cl af & urt her conprising press fitting the thrust washer

into a corresponding fgakiligea Yurbit® dfMPhp Slages?tb folthCa RESMASILRSpERS, daBH 1 N
claim 18, wherein directing conprises directing the flow
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
during operation of the submersible pump, directing a flow of fluid across

the thrust member to decrease the thrust load acting on the thrust member.

19.  The method as recited in claim 18, wherein positioning comprises positioning a

thrust washer against the impeller.

20.  The method as recited in claim 19, further comprising press fitting the thrust

washer into a corresponding feature on the impeller.

21.  The method as recited in claim 18, wherein directing comprises directing the flow
of fluid from the radial outside to the radial inside of the thrust member.

22.  The method as recited in claim 18, further comprising coupling the submersible

pump to a submersible motor and a motor protector.

23. A system for pumping fluid, comprising:
a submersible pump comprising a plurality of stages, each stage having an

impeller, a downthrust pad, an upper thrust pad, and at least one balance hole

11



of fluid fromthe radial outside to the radial inside of the thrust nenber.
22. The nethod as recited in claim18, further conprising coupling the
subnersible punp to a subnersible notor and a notor protector. 23. A
system for punping fluid, 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 11 positioned to allow

| eakage of fluid fromthe inpeller discharge and across the upper thrust

pad, wherein a le I [ ust d _t hrough he
bal ance hol e causg&?{?fﬁw&ltg%lw %ﬁ(?’gé ﬁﬂﬁ&oﬁ tpﬁémpeégﬁ(ta% %%8“‘85%8?5 tE"F‘ir ust
pad, and bl ock t tysper d&kﬂgﬁdfwmexa@rleaiﬁgé ﬂewwaﬂsﬁ tHehrppeit thﬁ.ﬁdpac?zﬂnd t]ii‘tﬁlgh
system as recited aim 23, wh rel n th}% Sh}{}gel | er corrprl ses an eI I

Y

housi ng havi ng anﬂﬁerl?f‘]é’f‘?eo}?"l? PRFS %é%f‘éle{ WPWRS sotast the yrpey

produced, the babRiwlgckak fakeieMbwidroR IR uiR Pmk};yd.'n an axi al d'rection
through the inpeller housing above the interior flow passage. 25. The

systemas recited in claim23, further conprising a seal nenber

transiatanl ey n 2k 8 of LLoBieh P Uairh %3, Wirel MeCed EihRgs b ifbAI 23

wherein each stage I Ioa er age e sys mas r Qi m
23, further conprhaising havmgbmentenbt ﬂowmamagaﬂnlough wititlo wefirfhiidscare prazincgal, ed

to the subnersi bl u stem i n f|UI npr i

el ectric subnersi @‘pr%?ﬁ%}?é &ﬁg'é ??ﬁﬁf*’gﬁrﬂgv é‘??{]b‘?@?spﬁ?‘:@mﬁ ‘inP glén{g‘s
notor protector, infjRleTHGEInDaB6RAhO MG PoWSIaBdgd Protector bearing and the
subnersi bl e punp conprising a plurality of conpression stages that create a

thrust | oad on the protector bearing when operated; the subnersible punp

further conpsd si nehdsyslett] £ REkdY HUiRS, m{ﬂeﬁgohﬂllls%g a seal member translatable

in an axial direction.
26.  The system as recited in claim 23, wherein each stage is a floater stage.

27.  The system as recited in claim 23, further comprising a submersible motor and a

motor protector coupled to the submersible pump.

28. A system for pumping fluid, comprising:
an electric submersible pumping system comprising a submersible pump
and a motor protector, the motor protector comprising a protector bearing and the
submersible pump comprising a plurality of compression stages that create a
thrust load on the protector bearing when operated;
the submersible pump further comprising a fluid path routed from an inlet
positioned at a lower location to a balance chamber of an upper stage in a manner

that reduces the thrust load acting on the protector bearing.

29.  The system as recited in claim 28, wherein the fluid path is routed along a port
formed in a shaft of the submersible pump.

12



positioned at a |ower |ocation to a bal ance chanber of an upper stage in a
manner that reduces the thrust | oad acting on the protector bearing. 29.
The systemas recited in claim28, wherein the fluid path is routed along a
port formed in a shaft of the subnersible punp. 12 30. The system as
recited in claim28, wherein the port in the shaft conprises an orifice
sized to control a |leakage flowrate fromthe upper stage to an inlet of a
| ower stage. 31. The systemas recited in claim28, wherein the upper stage

conprises a p s . syskem reci.t in.claim2 wherein the
port formed ?’ﬁ thgﬁgﬁgt?gé%trg#%g 1¥a"§?1ﬁ'| ‘%11166%%&3 Bgﬁt%ﬁh%?haﬁgo@Wf anggs,
The system as recotifick siredcloaiomraita leakeeclow ec&elﬂroﬁotmﬁ%psﬂ QipeStoa@Ene0dPhI Ses
an inpeller and diffuser. 34. The systemas recited in claim28, wherein
the electric subn&“éefﬁtla%e'purrpi ng systemfurther conprises a submersible
notor operatively coupled to the subnmersible punp. 35. A nethod for

managi ng thrust |oads in a subnersible punping system conprising:

stacki ng a pBlr al Thgsystenpaarecitaddnelsim 38.fwirarsin theulpper sigs comprings, a tepstage. punp
stage having an inpeller; positioning a downthrust pad and an upper thrust
pad to engage the inpeller during operation; and orienting at |east one
bal ance hol e32.0 aThosystenakacpeited irf tlaingd 29,y wherain the pore Fforpieddh thd shaiftnd@drder

and across the upper t%rust d ve the inpeller into engagenent with
t he upper thrust %‘éﬁly %ngalﬁ’g’?ﬁirré’%ﬁﬁ?fﬁﬁ@ recited in claim35, wherein
orienting conprises orienting the

33, The system as recited in claim 28, wherein each compression stage comprises an

impeller and a diffuser.

34.  The system as recited in claim 28, wherein the electric submersible pumping
system further comprises a submersible motor operatively coupled to the

submersible pump.

35. 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; and
orienting at least one balance hole to allow leakage of fluid from an
interior of the impeller and across the upper thrust pad to move the impeller into

engagement with the upper thrust pad.

36.  The method as recited in claim 35, wherein orienting comprises orienting the

balance hole in a generally axial direction.

37. The method as recited in claim 35, further comprising coupling the submersible

pump to a submersible motor and a motor protector.
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bal ance hole in a generally axial direction. 37. The nethod as recited in
claim35, further conprising coupling the subnersible punp to a
subnersi ble notor and a notor protector. 13 38. The nethod as recited in
claim 35, wherein positioning the downthrust pad and the upper thrust pad
conprises positioning a downthrust washer and an upthrust washer. 39. A
nmet hod for managing thrust | oads in a subnersible punping system

conpri si ng: coupling a subnersible punp, a notor protector and a

subrer si bl e gpt or ormas np ste cat,in abe ring
T the ot or 5t ot 8¢ ety R BesitanR i3, SHORIE fodhonige The BRI 4 R

i mpel lers IocatedﬂwnmpmqmﬁmepﬂbaﬂmﬂgwpFdﬁﬁ&hﬁgaGBwﬁﬂbﬂ%ﬁ@&hﬁ@m@uﬁﬁmﬂﬁﬁﬁges
and routing a fluid passageway froma [ower inlet to a bal ance chanber of

an upper stage. Weshefhe nethod as recited in claim39, wherein routing
conprises routing the fluid passageway fromthe inlet of a | owernost stage
to the bal ance chanber of a top stage. 41. The nethod as recited in claim
40, wherein #dut i Agmethadr ifere maneging n loadsstin aa  gubmersihie opuntpieg f $ysteth,
passageway throug%ﬂ) k}gt of the subnersible punp. 42. The nmethod as
recited in claim Whet ei n routi ng conprises routing at least a portion
of the fluid passagevvagc;uphmg\@ samaxibk pimpm a3hetbt profecion and uBaBhEdsibleempiarp .

43. The net hod as rfeC| teq;z . {al m 39, further conprising controlling a
| eakage flow rat®BIBAG IH@SI YIRS G hay. 14

locating a bearing in the motor protector to counteract thrust created by a

plurality of impellers located in a corresponding plurality of submersible pump
stages; and
routing a fluid passageway from a lower inlet to a balance chamber of an

upper stage.
The method as recited in claim 39, wherein routing comprises routing the fluid
passageway from the inlet of a lowermost stage to the balance chamber of a top

stage.

The method as recited in claim 40, wherein routing comprises routing at least a

portion of the fluid passageway through a shaft of the submersible pump.

The method as recited in claim 39, wherein routing comprises routing at least a

portion of the fluid passageway along an axis of a shaft of the submersible pump.

The method as recited in claim 39, further comprising controlling a leakage flow

rate along the fluid passageway.
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