SYSTEM AND METHOD OF PUMPI NG WHI LE REDUCI NG SECONDARY
FLOW EFFECTS BACKGROUND [0001) Centrifugal punps are
used in many environnents to punp a variety of

fluids. For exanple, centrifugal punps are used for

el ectric subnergible punps placed within wells or in
ot her subnerged environnents. The el ectric subnergible
punps often are used in the production of petrol eum
or in the transfer of other fluids in well related

envi ronnents. [0002[ El ectric submergi ble punps are

f or My STEMNMAND METHOD OEREEMPENG WHILEREDUCING
i mpeller and a di ffuser. Each punp stage can

experi ence hydr alSECONIARY dleOW EEFE(IESy f | ow
patterns that develop within the stage. Common causes
of secondary flow are Coriolis forces in inpellers as

wel | as the curvature of g%ﬁﬁmﬁNnoassages in both

i mpel lers and diffusers. _ y flow comonly
h#3003] | ower Centefugel pumpsiasguset én meneerfvitonmants topurama varicty of

| lects at t n/ hub corn [ i ff f
¢ RSy bt s huahup sk BT orisetle bR EPnd placed
[ 0003 \}\f?!l‘s qemethat suﬁhiéfgeﬂ refﬂﬁﬁm&ndnﬁv ahe iemﬁtrﬁrsubfrhd@ﬁ)lﬁpumps often
cost-e ectlve tec e for . roving .the pu
e wrERdle Brodugtion g AP PUIP gt Kalﬁéeggg ey Huidp jnie)t retated
t B QM@hen@ne or nore vanes of a punp conponent. One

end of each ssage is _exposed to a low energy flow,
i Iwozbecondaﬂgymlsubmergéﬁéﬂ jatuale:] %m@mh@wwthméﬂtlma@hmp stages that

p%z?c Ce enabl $igr 4dS c{&foser % %uﬁﬁtéggiﬁ g SI Bcefl‘b)d a?]thc losses

fro he®t o energy region toan'o
vam@totsecoﬁde@uw hensahoddedyp Withi thd Stegt Commdon causeswd

punp ffici Rl EF DESCRI PTI HE DRAW NGS

[ R Pwaﬁr%seﬂ'fyﬁf hinGToF Teth a0 P e G VafoRy Of vanes and
hesRadd &f bR 11?1}9@&@ DAt T'h@fséad'oﬁﬂzﬁ? flo® dononly has a lower
acconpanyi ng draw ngs, wherein |ike reference nunerals
deeletity thpkthe cgreet}n:_mmyi oftgngollects at the suction/hub corner in diffusers and at

the suction/shroud corner in impellers.

SUMMARY
[0003] In general, the present invention provides a cost-effective technique for
improving the pumping efficiency of centrifugal pumps. A passage is formed through
one dr maore vanes of a pump component. One end of each passage is exposed to a low
energy flow, i.e. secondary flow, region along the vane. Each passage enables the flow
of a smalt amount of fluid from the low energy region to an opposite side of the vane to

reduce the secondary flow effects and improve pumping efficiency.

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 |l is a front elevation view of .an

el ectric subnergi bl e punping system deployed in a
wel | bore and having a centrifugal punp, according to
an enbodi nent of the present invention; [00061 Figure
2 is a schematic front elevation view of a centrifuga
punp having a plurality of stages each containing an
i mpel ler and a diffuser, according to an enbodi nent
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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 generally relates to a technique for pumping fluids.
A centrifugal pump utilizes pump components, such as impellers and/or diffusers, having
passages oriented to reduce hydraulic losses due to secondary flow patterns. The
secondary flow patterns create low energy fluid flow regions within the stages of the
centrifugal pump. The low energy flow regions may develop along flow inducing or
directing vanes within individual stages of the centrifugal pump. Higher energy fluid
flow regions often are located immediately across the vane in an adjacent flow path. One

or more passages can be formed through the vane and into communication with the low



secondary flow patterns create |ow energy fluid flow
regions within the stages of the centrifugal punp.

The | ow energy flow regi ons may devel op al ong fl ow
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[0015] The electric submergible pumping system 24 is deployed in wellbore 34

by an appropriate deployment system 40. Depending on the application, deployment
system 40 may comprise cable, production tubing, coil tubing, or other appropriate
deployment systems. Deployment system 40 is coupled to electric submergible pump 22
or to another appropriate component of pumping system 24 by a connector 42. Power is
provided to submergible motor 26 via a power cable 44. The submergible motor 26, in
turn, powers submergible pump 22 which draws fluid in through a pump intake 46. The
fluid can be pumped to a desiréd location via, for example, tubing forming deployment

system 40.



34. [00151 The electric subnergible punping system 24
is deployed in wellbore 34 by an appropriate

depl oynment system 40. Dependi ng on the application,
depl oynent system 40 may conpri se cable, production
tubi ng, coil tubing, or other appropriate deploynent
systens. Depl oynment system 40 is coupled to electric
subnergi bl e punp 22 or to another appropriate
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patterns that develop within stages 48. The secondary flow patterns result in regions of
lower velocity and thus lower energy flow relative to the core flow through centrifugal
pump 20. Commonly, a higher energy fluid flow region is located immediately across a
given vane from the low energy flow region. The secondary flow patterns create
hydraulic losses and thus a reduced pumping efficiency.

[0019] As illustrated in Figure 3, one or more passages 60 are disposed in
selected vanes 56 and/or 58. For the purpose of explanation, the vane illustrated in
Figure 3 has been labeled a diffuser vane 58 but the discussion also applies to impeller
vanes 56. Vane 58 separates adjacent, sequential flow paths 62, and passages 60 extend

through or across vane 58 between flow paths 62. Each passage 60 extends into fluid

communication with a secondary flow or low energy fluid flow region 66. In this



The inpellers 52 utilize vanes 56 contoured to capture

and nove fluid in the desired direction as the

inmpellers are rotated. The diffusers 54 al so conprise

vanes 58 contoured such that each diffuser directs

the flow of fluid fromthe upstreaminpeller to the

next sequential inpeller until the fluid is expelled

fromthe centrifugal punp. [0018] The inpeller vanes
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passages are positioned to correct a suction/hub side corner separation, i.e. secondary
flow, which can create hydraulic losses in the pump stage. However, additional passages
or other passage configurations can be used depending on the design of the impeller, the
contour of the vanes, and the pumping efficiency parameters. |

[0023] In the impeller and diffuser embodiments illustrated, the passages 60 have
geometries and orientations selected to enable sand casting of the pump components
without requiring subsequent machining. The ability to form the entire pump component,
e.g. pump impeller or pump diffusér, in a sand casting procedure enables production of
cost-effective pump impellers and pump diffusers by avoiding subsequent formation

procedures, e.g. machining procedures, to form the passages 60. Passages 60 are



the second passage 60 has a di nension greater than

twenty five percent of a nmeridional extent 72 of the
vane. Base 70 can be a hub base or a shroud base
dependi ng on the punp conponent in which passages 60

are formed. 100211 The nunber of passages 60 used in a

gi ven vane also can vary. As illustrated in Figure 4,
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appreciate that many modifications are possible without materially departing from the

teachings of this invention. Accordingly, such modifications are intended to be included

within the scope of this invention as defined in the claims.




formed during a single sand casting procedure. As
illustrated in Figure 6, each of the passages 60 is
oriented along a vane insert pull angle 76. The vane
insert pull angle 76 is selected according to the
design of the inpeller 52 or diffuser 54 to enable a
clean renoval of the vane passage insert during the
sand casting procedure. It should be noted that
casting techniques other th ggpcasting t echni ques
al so can be used in sone puggégg onent formation
applications. [00241 The use of punp conponents havi ng
vanes W th passages positioned to reduce the
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intended to be included w thin the scope of this

invention as defined in the clains. 6 CLAIMS What is

cHai nedhe siethbd adrevitdinctlom 1, miemin crgatingeopprifasrenganiog the passage

of a centri al. punp, conprising: providing a punp
d|ffus%@“&ﬁ%ﬁgffﬂﬁuggﬁity of vanes; and

5. The method as recited in claim 1, wherein creating comprises orienting each
passage between a low energy flow region on one side of the vane and a high

energy flow region on an opposite side of the vane.

6. The method as recited in claim 1, wherein creating comprises orienting each
passage to enable sand casting such that removal of a vane passage insert from a

sand core does not disturb the sand core.

7. A method, comprising:
casting a centrifugal pump component with a plurality of vanes and at
least one passage extending through one or more vanes of the plurality of vanes,

the plurality of vanes being arranged to create fluid flow paths.



creating a passage through one or nore vanes of the
plurality of vanes to enable flow of a small anount

of fluid through the one or nore vanes. 2. The nethod
as recited in claim1, wherein creating conprises
formng the neridional dinension of the passage
through at | east twenty five percent of the

nmeridi onal |ength of the vane. 3. The nethod as

recited, in claim.l erein ¢ i NQ..conpr i .
cFoat Ny Prbofaliehuel iR, hSRn A OB and pyptigg on
vanes. idpelldhe nethod as recited in claim1, wherein
creating conprises creating the passage along a base

of the vane. 5. The nethod as recited in claiml1,

wher ei fihEmefbl A9ree APl cBA% 70 Wheidh AStiRACIprRas&Ad Basting a
between a | ow energy flow régi on on one side of the
vane adidfuserhi gh energy flow regi on on an opposite

side of the vane. 6. The nethod as recited in claim1,
wherein creating conprises orienting each passage to
en@dbl eThamdthodas reoledinaiimivaturthenoomprisiti arientingthe at least one
passage insert froma _ sand, core does not, disturb the.
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and at | east oné pasSage extending through one or
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of , van j [ - (ET .

B Tho 1o PRLRE 21 BAPRRIAR el Sty MePBiifg e at teast
conpr i elspassaged tloasgh algpsanf onenpehdrevaned. The net hod as
recited in claim?7, wherein casting conprises sand
casting a diffuser. 10. The nethod as recited in

chai m A méthéd SRmpeSIRd the pBgorgian€éf a\@niriTegad bumf aimpeiRing:
passage through a vane to extend from a | ow energy

f1 ow r egi onPigkidiiee Ryngreingggeller with a plurality of vanes; and

creating a passage through one or more vanes of the plurality of vanes

such that the meridional dimension of the passage extends through at least twenty

five percent of a meridional length of a vane.

13, The method as recited in claim 12, wherein creating comprises creating the

passage in each vane of the plurality of vanes.

14, The method as recited in claim 12, wherein creating comprises creating the

passage along a base of the vane.

15.  The method as recited in claim 12, wherein creating comprises orienting each
passage between a low energy flow region on one side of the vane and a high

energy flow region on an opposite side of the vane.



the vane to a high energy flow region on an opposite
side of the vane. 11. The nethod as recited in claim
7, wherein casting conprises formng the at | east one
passage through a base of one or nore vanes. 12. A

nmet hod of inproving the performance of a centrifuga
punp, conprising: providing a punp inpeller with a
plurality of vanes; and creating a passage through one

o T PR Shet b Bt Bhgs e stb R o

| east pawedplelo ehdbUesan@ batifg swrh thatir@howhl of@barnegagipe mberafrom a
vane. 13. The nethod as recited in claim12, wherein

cr eat i frjdeerfsiors e distwhihegng f¥e- passage in each vane

of the plurality of vanes. 14. The nmethod as recited

in claim12, wherein creating conprises creating the
pdssagé mihpmg systems eorofrisikg vane, 15. The net hod as
recited in ¢l hgl%ék Wﬂ&{%i@ creating conprises

orienting ehd séﬁe bt heen a | ow energy flow

regi on on omeubsiefgibeipuiipeovarsl tgnbe subnicgdibleamstog thefshibomergible
region on an opposite sjde of the vane. 8 16. The

et hodPHEP Ry GBI phfigRen it FAc SFgs comBREinggn impeller end a

CONDI i §@MsQ 498st i AU ImRASSAE hd AffR&abLiRg $HAR with a vane
casting such that renoval of a vane passage insert

f r om ahawegwlcasbpassateesiending dhesatronghhe sand core. 17.

A punpi ng system conprising: a submergible notor;

and a subnergi bl e punp powered by the subnergible

mog.or , Thépurapibgreysginh berecipednip chiduilfAgwherpinuwf gei itmpelddr and the

stages with each stage conprising an i eller. and a
di 11 us B ISCHeaRLCRIEPrsG? BRTAREC, YRIEY flsyPasstae pne onerted through

di f f usefchRahsr thoimRteiddbash VARSS tiAMGEra cast
passage extendi ng therethrough. 18. The punpi ng system

as recited in claim17, wherein of the inpeller and
the  The pumping system as recited in claim 17, wherein the passage is oriented to

enable sand casting such that removal of a vane passage insert from a sand core

does not disturb the sand core.

20.  The pumping system as recited in claim 17, wherein the passage is oriented
between the region of low energy flow and a region of high energy flow on an

opposite side of the vane.

21. A device, comprising:
a pump component having a plurality of vanes arranged to create fluid
flow paths, one or more of the vanes having a cast passage, each cast passage

extending through a vane between the fluid flow paths separated by the vane.

22, The device as recited in claim 21, wherein the pump component comprises a

pump impeller.



di ffuser each conprises a plurality of vanes, the
passage being oriented through each vane of the

i npel l er and each vane of the diffuser. 19. The
punpi ng systemas recited in claim17, wherein the
passage is oriented to enable sand casting such that
renoval of a vane passage insert froma sand core
does not disturb the sand core. 20. The punping system

a eciie L.m, 17 th
otent She i e b el of, Spre) e BARP 35 b B sopapripes
r egi onp@fip Biflserener gy fl ow on an opposite si de of the
vane. 21. A device, conprising: a punp conponent
having a plurality of vanes arranged to create fluid
fhow p@ﬁé"&ew&:@% @it Qaitf 21, R eMANES vAIRY bGie ?hﬁ?ﬁﬁﬁr of vanes have
passage, each cast passage extending through a vane
bet weethephssagd Biewgthrough. pat hs separated by the vane.
22. The device as recited in claim2l, wherein the
punp conponent conprises a punp inpeller. 9 23. The
des.i ceThsdevee dseetited irctlaim? © wherdirethe ipnniplvempomgnt is a sand casting,
conmponent conprises a punp diffuser. 24. The device
as recited in claim21l, wherein all vanes of the
pher al Thy d@hceiRnEsted aY aint DE vRRANROR phiteses ipoeh thrdbgh a hub
The device as recited in claim21l, wherein the punp
conponkdse of legasand casting. 26. The device as
recited in claim2l, wherein the passage is di sposed
t hrough a hub base of the vane. 27. The device as
r @2i t edhé devideadsmected imtlaine? Iy vibieeeiptis pagsegrawerssit kst twenty five
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