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
fluid flow. The Iar'ge reaction forces are resisted
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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 [0005] Figure 1 is an elevation view of an
enbodi nent of an electric subnersible punping system
depl oyed in a wel |l bore, according to an enbodi nent of
the present invention; [0006] Figure 2 is a partia
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] Fi gure
' cross-sectj onal ew o not h
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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



nmet hodol ogy can be used in subnersible punping systens
havi ng centrifugal style, subnersible punps. One or
nore features are incorporated into the submersible
punpi ng systemto manage the hydraulic forces acting
on external surfaces of the punp inpellers 2 that
tend to create |l arge reaction forces acting opposite
to the flow direction of the punped fluid. [0013]
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R B3 KBRS B BB BBl o 0 s v
suetliase 8hi | ed tubi ng or production tub| ng, connected
to _subnersi bl u 22 by a conne tor
pr @91¥ed to Subalcsgible] BUEHING eySELh sedloyel G Yalbarg 32 by a

a AR menf Qe 38 TG MR&v! Bl @arlbB} Q)Pf i ghﬁtibﬁbr N, For example,
powers subnersi bl e punp 22 which can be used to draw

i ndqwflrigmﬂljt ispyierfl| 3F thay oowagise dubipg 4. p@arsequgd tping; o7 production
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t hieasi@he sitonerelzmater Ef gialarmwbﬂ cfl:g: 44.d€ke¢ sudbanersible motor 24, in turn,

Collxl)\’\?ecrg Isu mersible 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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| ocati on which may be at a surface 48 of the Earth.
[0016] It should be noted the illustrated subnersible
punpi ng system 20 is only one exanple of nany types
of submnersi bl e punping systens that can benefit from
the features described herein. For exanple, other
conponents can be added to the punping system and
ot her depl oynent systens nay be used. Additionally,
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positioned to resist thrust |oads, e.g. downthru
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an 1| npe eature as a recess formed in an
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U pisdukiago8di Thus Ste &b mehibet @8 dorffs adsealing 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 nenber 76 is wused. In the

enbodi ment of Figure 2, seal nenber 76 conprises a

radi al seal 78 positioned in sealing engagenent with

a generally axially oriented section 80 of inpeller

housi ng 68. Thus, the seal nenber 76 forns a sealing

point with section 80 of inpeller 52, and the sealing
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netallic materials, elastoneric materials and
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| 14Uty af @ithdt aEh Ul @ 1@'ﬂdreém1@% ?&t&@@ﬂbﬁ lﬁiﬁsgeﬁgﬁi Bt a position

conpressi on stages to elimnate ffont seal e.
[ OIOde radxﬁkyommardemﬂomj Eyeefit obfthe impelipstas rtﬂfls:srated in Figure 4. The
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pressure_rathe t he_.i nmpel inle Ssur t
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" e ARARER Pt erhBESh L1 RROEERRAINES e ot s
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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 |ocated
radially outward of an eye 91 of the inpeller, as
illustrated in Figure 4. The retaining feature 90 nay
conprise a groove 92 fornmed in a | ower portion of the
inpeller 52. A flow passage 94 is routed along a
backside of thrust nmenmber 88 between thrust nenber 88

| er s illugtrated by arrow 96 in Figur
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Cr t
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f et upper Ehﬁxst membenl@!) sinch atsrmmpelfthrdsepadaﬂ veasherc aftdchm)nally, one or

that forns e ired flo sage, 94. .In this, .
Bt RiAee holgs HERere dsitioted BT R HEakae R Mlidified intgrer passage 62
f r&nhi})e[l&db'@'ahﬁ dRtisVaipfer ek Ger@er  IDOUSIn Hﬁ”@zﬁﬁoc@ﬁent illustrated,
al ong the backsi de of thrust nenber 88, and out al on

a balage heley 10 oxsr eﬂv@gﬁhtwgbfanﬁsnm@mmmfemps@er 0#8@5%@ above the
m&ﬂb@%ﬁge ?%nh'tﬁ’ @eﬁieﬁ in éﬁéﬁﬁg Melal QW aﬂais 8q&wever, the
94 |'s expe bore

out throu fweeh a wash
an}d)samnmgm‘dl atentitiemef balam‘.e bmdes WRetdndre dcdjanted w@sired ffor specific
hd be noted that the flow resistance of the
bdﬂ? E8PPow passage 94 should be | ess than the flow

repoz3jance oft stditup 6PAbnResible pafp 220N tHRaMPeltdr IS each stage SO rests
[ 0022] .Anot her enbodi nment of the system and

metth ¥ 8P BBrush Bl Phrg Afﬁea.swwweﬂaqﬁa*&l Totpte Ang, aleakage flow is
| Olﬁﬂ&ehsof fhk lﬂﬁstcflﬁ'gggf le Aﬂn%éﬂl@r 8 abfdsd %{% r SR I mber 100 and
u | downt
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98thr®gh cuilaned. hotmﬁsr}nwﬂ uskhisrigalsege ﬂ@w wé\}cesdhpm'r@ema in the cavity
a ra d| auﬁu-usp mem%r Wsd 16@,ch1e1§ing rnl:ye]l Si? up%vardly 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 downt hrust acting on
menber 98 is reduced by incorporating an upper thrust
menber 100, such as an upper thrust pad or washer.
Additionally, one or nore balance holes 102 are
positioned to allow | eakage of fluid frominterior
passage 62 of inpeller 52 and across upper thrust
menber 100. In the enbodinent illustrated, balance
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t hrust nmenber 100 i's exposed to inpeller inlet

pr&bEgrsile BeMBr t han i npel | er di scharge pressure.
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seal cilitate s
mopessagewaw 12 frpel therselsted sfage idrtali¥l to, the eelkcted idance 7damber 110.

conpri se radi al seal, .78 whi.c [ | ows .axi al
b, 20 Rt ndsh FeRtaeimel 2o TP  Yoae? HRRY Risoughsbat 54, and the
bejsegBwh ﬁmFﬂH%%h&ﬂ gRNetaidy aRdp ACRAtralddxfhid uSeHaft S4ThAdditionally, an
enbodiment illustrated in Figure 5 .is_particul arIY
apPHiccablde ot gthepdrsinotey BiRy Realpsated dn the pasirgevanbl2 to control the

StRgeRe _tﬂewhrﬁfégrcﬁn HRTPRGTdoHREEn Bhg 04 BliRd fo%r/ﬁ]igktream stage 104.
esli gn [Ty to

convent i onal s. 6 [0024] Referring genera

Fi §N26] 6, arfipebific ompodentensedin sutbenassiblegmnamiog system 20 can vary

ISHILOR, D2 RATY T 88 SRR S5kt e it

pustmpdemts, coutpoRenisiceinp uompogens Jsehion &) mamaging metlthrust loads also

W (Earlll vaary 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 havi ng
inpellers 52 rotated by shaft 54. Wth conpression
stages 104, the net thrust |oad, e.g. downthrust [ oad,
resulting from rotation of inpellers 52 is resisted
by a protector bearing 106 (illustrated schematically
in dashed lines) located in notor protector 26. The
thrust |load on protector bearing 106 is reduced by
effectively porting pressure froman inlet 108 of a

| dfB%7lor upsiecerdingy.agihougipanlyr v, smbpdimentsAfifhe present invention
gfr}gﬁg Bé@ﬂedesﬁ{bequqéétﬁifgﬂb&t, af6se Lo¥ ordi QU in ttl?]e:eart will readily

odi ments, the upper/downstream stage 104 is -
t gppresiates thay enangnuodifieatiohe aeer possibla withowtt maferidlyddémarting from the

| ower . or |.Qwer.nost. st 104.4 n..subner.si b np.22. o

| R o B GETplint o SHe ERQcRufHt AR temisd B ailed, vitin the
t habpd Shisithwintid® & ddginkd e thekRimef the subnersible

punp. [0025] The pressure nmay 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 |least partially through shaft 54, and the
passageway nmay be routed generally along a centra
axis of shaft 54. Additionally, an orifice 114 or
other restrictor may be | ocated 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
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

| ocation for managi ng net thrust |oads also can vary
from one subnersi bl e punpi ng 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
punpi ng systemis sel ected based on a variety of
factors, e.g. the nunmber and arrangenent of
subner si bl e punps, subnersible notors, and notor
protectors as well as the specific well environnent,
wel | application and production requirenments. O her
conmponents can be attached to, or formed as part of,
the electric subnersible punping system 7



[0027] Accordingly, although only a few enbodi nents of
the present invention have been described in detai
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 nodifications are intended to be
included within the scope of this invention as

defined in the clains. 8 What is clained is:
1. A system for punping ffgﬁ;gﬁggnprising: an electric
EgﬁﬁSlbhespunping system conprising a subnersible
“@W UG & ot or protector, the notor protector
conprising a protector bearing and the subnersible
punp conprising a plurality of conpression stages that

ler eaﬁesyatetmfouﬁﬂmpmatb%wwswgot ector bearing when

oper at ed; igh :
fluid pat ﬁ‘[‘%geﬁw r o%glgfr:e 19# 1tn E%ngﬁ{l on%glgg ag'lb%lﬁsrlble pHLp
| ocatmdn nistonplvtdcsore theahaib @rotedtoraconuixing stp&gectbmbanng and the

manner reduces the thrust | ad acting on th
pr ot %‘H’c%‘?rs’g{;@ ‘-}%COTQPH%&AH §om@&qs§1g sralge%fhgr freate a thrust

[ aﬂﬂé d al ong a port
or mngbga?hqgé gﬁjt& dfé)? t e@g%rﬁ?gér?%‘t?ﬁ e punp. 3. The
syst em as theesibtredsibla p(umpi furtber odrapreding aﬁhliqbpai&l liontedffeom an inlet

shaft co a ifice i.zed ont a | eakage

7 owppate A lofer (ispia 6 s BuAes cHmPRr af S pSoer FRREHS o manner
st agghat re@uceEhﬁe EhySdt %Bdaa‘étlﬁgﬁh tRbrbRctol Bédﬁn# wher ei n

the upper stage conprises a top stage. he system

as recited in cI aim2, wherein the port forned in the

shaf S n nt.er t
2The Ig}gi‘s‘ gér%n&gs recl t%i oﬁ/ c%“glg "@h%f%ﬂmﬁe fﬂLd FJeaglc}‘;131190‘]&6(1 glong a port
conpfefied tia shApef the Sibrh&siblepump. mpel | er and a

di ffuser. 7. The systemas recited in claim1, wherein

the electric submersible punping system further
3 °°2‘°‘§‘a€§§}§? %F‘ PIBRES iPL Rt KheRREMB oG YhE MR EffnprRes an orifice

sized to control a leakage flow rate from the upper stage to an inlet of a lower stage.

4. The system as recited in claim 1, wherein the upper stage comprises a top stage.

5. The system as recited in claim 2, wherein the port formed in the shaft extends

axially along a center of the shaft.

6. The system as recited in claim 1, wherein each compression stage comprises an

impeller and a diffuser.

7. The system as recited in claim 1, wherein the electric submersible pumping system

further comprises a submersible motor operatively coupled to the submersible

pump.



PUW. 9 8. A nethod for managing thrust loads in a
subner si bl e punpi ng system conprising: coupling a
subnersi bl e punp, a notor protector and a subnersible
notor to forma subnersible punping system |ocating
a bearing in the notor protector to counteract thrust
created by a plurality of inpellers |ocated in a

8COr I RSRAANA R ririabllthdhsOlbadsia HRGBinktsfb] O piMpinglsoaes;
and routing a flurd passageway froma lower inlet to a
bal apwaprhisgrber of an upper stage. 9. The nethod as

recited in_claims§8, whenein routl

(he T ai qCoble BsnmbIE blpho ol SOBLE 2EPa S Ble motor to
st agforinG $ubepsblepompidpasyerin;of a top stage. 10. The

method as recited in claim9, wherein routing

conpri seslacating Adeating inthe MOtopFFPET & quﬁ'éﬂrwtmst created by a
pass fo

PRERL P 3R s ¥ e IFpOUMERRRAIT iPmensivte pump
conpmagﬁsmnbutlng at |least a portlon of the f|UId

passagevva}/ al ong an axis of shaft of l‘ﬂﬁﬁh @r{??rc?llar%ber of an

punp. 12, FOHiEE fef PHSIEPREY T PORFE
COMPiphsirB@geontrolling a Ieakage flowrate along t he
flui pass%gemay. 10

9. The method as recited in claim 8, wherein routing comprises routing the fluid

passageway from the inlet of a lowermost stage to the balance chamber of a top

stage.

10.  The method as recited in claim 9, wherein routing comprises routing at least a

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

11.  The method as recited in claim 8, wherein routing comprises routing at least a

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

12.  The method as recited in claim 8, further comprising controlling a leakage flow rate

along the fluid passageway.

10




