SYSTEM AND METHOD OF PUMPI NG WHI LE REDUCI NG SECONDARY FLOW EFFECTS
BACKGROUND [0001] Centrifugal punps are used in many environnments to punp
a variety of fluids. For exanple, centrifugal punps are used for electric
subnergi bl e punps placed within wells or in other subnerged environnents.
The el ectric submergi ble punps often are used in the production of
petroleumor in the transfer of other fluids in well related environnents.
[ 0002] El ectric submergi ble punps are formed with multiple punp stages that
each have an inpeller and a diffuser. Each punp stage can experience
hydraulic | osses due to secondary flow patterns that develop within the
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di ffusers. The secondary fl wer ocity than the core
flow and often collects at 3%@833Eﬁ£%§V£3§;€%*h B#A*i fusers and at the
suction/shroud corner in inpellers. SUVWARY [0003] In general, the present
i nvention provides a cost-effective technique for inproving the punping
efficiency of centrifugal punps. A BACKGROVNDrned through one or nore
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each have an impeller and a diffuser. Each pump stage can experience hydraulic losses
due to secondary flow patterns that develop within the stage. Common causes of
secondary flow are Coriolis forces in impellers as well as the curvature of vanes and
passages in both impellers and diffusers. The secondary flow commonly has a lower

velocity than the core flow and often collects 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 or more 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 small amount of fluid from the low energy region to an oppﬁsite 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

clements, and:



enbodi mrent of the present invention; [00061 Figure 2 is a schematic front
el evation view of a centrifugal punp having a plurality of stages each
containing an inpeller and a diffuser, according to an enbodi ment of the
present invention; [00071 Figure 3 is an orthogonal view of a punp
conponent vane having a passage extending through the vane to a | ow energy
fl ow region, according to an enbodi nent of the present invention; 100081
Figure 4 is an orthogonal view of a portion of a punp conponent with a
vane conprising the passage, according to an enbodi nent of the present
invention; [MM0BP1 Fi ghigercS isa {emt cletAimgomed olvareslewfic subatdngiblepunpirgonponent
w th vanes conprising.the sage, ,accordi ng t o an enbodi.nent of the
present i nvehtiGhderiagd i @)O‘J%gﬁorﬁi g havig p SendrifueglRump, 865°54NE 9y component
i1l ustrati ngerabdBMtatdrome Bbsent hPeRamsage to enabl e sand casting of the punp
conponent, according to an enbodi nent of the present invention. DETAI LED
DESCRI PTI ON 186611 | n Figarerlos poahamgptid Seet pigyation vigy ekt ewsriigstipuny havegset
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communi cat i obripriding e phddige, according to an embodiment of the present invention; and

[0010] Figure 6 is a front view of a pump component illustrating orientation of

the passage to enable sand casting of the pump component, 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 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 pattems, The
secondary flow pattemns 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



2 energy flow region. These passages enable a small anpbunt of fluid to pass
fromthe low energy flow region on one side of the vane to an opposite
side of the vane, thereby reducing hydraulic |osses otherw se associ ated
with the low energy flow region. [0013] Referring generally to Figure 1,
one enbodi ment of a centrifugal punp deployed in a punping application is
illustrated. In this enbodinent, a centrifugal punp 20 is utilized in a
wel | environment. Centrifugal punp 20 is forned as an electric subnergible
punp 22 coupled into an electric subnergible punping system 24. Electric
subner gi bl e mengi gy sapsdre MTlidde nayages oqebilsesmall anowtt wi Ghidao ppsifemt the low
dependi ng on the ication or environ in which.it is
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wel | bore casing 36 is used to line the wellbore 34, A plurality of
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conponent of punping system 24 by a connector 42. Power is provided to

submer gi bl e #1426 vindheerpbadimentaBusirapd, elqpidc supasgilleqiuenpieg Bisteps24 isn
designed for deployment in a well 30 formed within a geological formation 32 containing
desirable production fluids, such as hydrocarbon based fluids. The electric submergible
pumping system 24 actually is deployed in a wellbore 34 drilled into geological
formation 32. In some applications, a wellbore casing 36 is used to line the wellbore 34.
A plurality of openings or perforations 38 is formed through wellbore casing 36 to
accommodate fluid flow between the surrounding geological formation 32 and wellbore
34.

[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 desired location via, for example, tubing forming deployment

system 40.



turn, powers submergi ble punp 22 which draws fluid in through a punp intake
46. The fluid can be punped to a desired location via, for exanple, tubing
form ng depl oynment system 40. 3 [00161 The illustrated centrifugal punp 20
and el ectric subnergi ble punping system 24 are exanpl es of many potenti al
centrifugal punps, punping systens, and punping applications. For exanple,
centrifugal punp 20 can be utilized in many types of punping applications,
i ncl udi ng production applications, injection applications, fluid transfer
applications and ot her punping applications. Additionally, electric
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Create diffuser 54 and into the next impeller until the fluid is expelled from centrifugal pump 20.
The impellers 52 utilize vanes 56 contoured to capture and move fluid in the desired
direction as the impellers are rotated. The diffusers 54 also comprise vanes 58 contoured
such that each diffuser directs the flow of fluid from the upstream impeller to the next
sequential impeller until the fluid is expelled from the centrifugal pump.

[0018] The impeller vanes 56 and the diffuser vanes 58 can have secondary flow
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



hydraulic | osses and thus a reduced punping efficiency. 100191 As
illustrated in Figure 3, one or nore passages 60 are disposed in selected
vanes 56 and/or 58. For the purpose of explanation, the vane illustrated in
Figure 3 has been | abeled a diffuser vane 58 but the discussion al so
applies to inpeller vanes 56. Vane 58 separates adjacent, sequential flow
paths 62, and passages 60 extend through or across vane 58 between fl ow
pat hs 62. Each passage 60 extends into fluid comunication with a
secondary flow or | ow energy fluid flow region 66. In this 4 exanple,
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For exanplef ne of the .passa es 60 illustrated in Figure 3 is disposed
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extent 72 of y{RGnY WeeneBAS fow RifBRIARe fo N BafR2SEe ek i IRRIRKY ph3sE dbependi ng
on the punp conponent iIn” which passages 60 are fornmed. 100211 The nunber

of passages B0OMededthianiimcivethaveutradak grratsadistaey relage t¢ basag0r Hoeekapple,
Figure 4, f p{he%%(ﬁ%gﬁlgggige %Qa%laedi%g%g;&pgre%gr thin gﬁe%g}gﬁgg%érg%Qggpm\éﬁgﬁn 6 of
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singl e vanesxtermeRectiedvaianBsase Wrcafbk ablib bl orankeud bade depehdimg én Geven
i npel l er 52 and/or diffuser . 54. Addiéiogally, passages 60 can be used in
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T users, W g cont Bl Uyl 0SERIn Epsolgst sl AT ¢ 5,
t he di f f userilBatratedint Figwre dnfyo dkaraplt, a pegle nepeagedd iadisposed through vane 56 of
one of the impellers 52. The passage or passages 60 can be disposed through single
vanes, selected vanes, or all of the vanes utilized in a given impeller 52 and/or diffuser
54. Additionally, passages 60 can be used in only the impellers, only the diffusers, or in
both the impellers and the diffusers within centrifugal pump 20.

[0022] As illustrated in Figure S, for example, individual passages 60 are
disposed through each vane 58 of the diffuser 54. In this embodiment, passages 60 are
disposed along bases 70 of vanes 58 proximate a hub 74 of diffuser 54. The hub side
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 diffuser, 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



di sposed al ong bases 70 of vanes 58 proximte a hub 74 of diffuser 54. The
hub side passages are positioned to correct a suction/hub side corner
separation, i.e. secondary flow, which can create hydraulic |osses in the
punp stage. However, additional passages or other passage configurations
can be used depending on the design of the inpeller, the contour of the
vanes, and the punping efficiency paraneters. 100231 In the inpeller and

di ffuser enbodinments illustrated, the passages 60 have geonetries and
orientations selected to enable sand casting of the punp conponents
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factors such as the desired centrifugal pump design and the environment in which the

centrifugal pump is utilized. Furthermore, the number, location and configuration of

passages 60 can be adjusted according to the vane configuration and contour as well as

other pumping parameters.

{0025} Accordingly, although only a few embodiments of the present invention

have been described in detail above, those of ordinary skill in the art will readily

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.



centrifugal punp is utilized. Furthernore, the nunber, |ocation and
configuration of passages 60 can be adjusted according to the vane
configuration and contour as well as other punping paraneters. 100251
Accordi ngly, although only a few enbodi nents of the present invention have
been described in detail above, those of ordinary skill in the art wll
readily appreciate that many nodifications are possible without materially
departing fromthe teachings of this invention. Accordingly, such

nodi fications are intended to be incl ucciﬁméthin t he scope of this
invention as defined in the clains. 6 1. A nethod of casting a
centrifugal punp conponent, the nethod conprising: casting the centrifugal
punp conponent with a plurality of vanes and at | east one assage

ext endi ng t hrbugh "gﬁlﬁﬂlﬂd qrepasing arreurideal PR FRRRTERY, thyrm horbeompriie:
plurality of vanesiel e cahRBASHT oRAbE Wilhd slufalifeahdSindaPRast one
orienting the at | east” one pasSage to extend froma | ow energy flow region
on one si de Reksaghexignding thsoughhingler mees vanes oGithe pbuilisn obrangs teppluelityeofsi de
of the vane. 2. Th h f clapm wher ein,casting conprises sand
casting an i rr‘f)aélﬁ%eﬁr}g%%g%%c&%%tﬁgaldéqo“@aﬁsma&q wherein casting conprises
sand casting a di fdrienting thé.altn [Ehas oﬁEFm&ge&ﬁ eRteyd ﬁrbm@eldbvrmetglyﬁldw rggtmroa}dne
casting conpri,ses.formn at ast one passage thro a base of one
or nore vanes® @f&emgﬁ&)“ggﬁfé‘?@hﬂ%@o‘ﬁﬁm@ﬁ@:w ‘@tﬁ%ﬁé’? %8 motor; and a
subnersi bl e punp powered by the subnersible notor, the subnersible punp
having a plurality of stages with each stage conprising an inmpeller and a
di ffuser, at Z-eastThecm@h@ﬁ? ofi thaimi hyyydierain caghing e¢raprifies sandeastipgiandmpelidied wi t h
a vane having a cast passage extending therethrough, wherein the cast
passage is oriented between a region of low energy flow and a region of

hi gh energy f3.ow drheanetb@bofiliim §iwheren cdsting vamnprises sandhvestmgrapdiffgses.y st em of
claim5, wherein the inpeller and the diffuser each

4, The method of any preceding claim, wherein casting comprises forming the at

least one passage through a base of one or more vanes.

5. A pumping system, comprising:

a submersible motor; and

a submersible pump powered by the submersible motor, the submersible pump
having a plurality of stages with each stage comprising an impeller and a diffuser, at least
one of the impeller and the diffuser being formed with a vane having a cast passage
extending therethrough, wherein the cast passage is oriented between a region of low

energy flow and a region of high energy flow on an opposite side of the vane.

6. The pumping system of claim 5, wherein the impeller and the diffuser each
comprises a plurality of vanes, the passage being oriented through each vane of the

impeller and each vane of the diffuser.

7. The pumping system of claim 5 or claim 6, wherein the or each 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.



conprises a plurality of vanes, the passage being oriented through each
vane of the inpeller and each vane of the diffuser. 7. The punping system
of claim5 or claim®6, wherein the or each passage is oriented to enable
sand casting such that renoval of a vane passage insert froma sand core
does not disturb the sand core. 7 8. A device conprising a punp conponent
having a plurality of vanes arranged to create fluid flow paths, one or
nore of the vanes having a cast passage, each cast passage extending

t hrough a va betyween the fluid flow paths .separat h rein
cach Sast pasage Aoort WA Rl S dEn RO RE A Tt o Y5nes EnectlS’,
r;agi f)n of hi \%ieateﬂ&irdgly?ﬁ pakig, 0fic anmoneRdfid vned iwimfa dab@a\sﬂge,.ela% caBhpassieei ﬁe
of claim 8, erein the punp conponent caonprises a pu inpeller. ~10. The
device of cl &*HEInaAONgh A VEnfeeieR) thi Apidrlont PSP bﬂ_&mwh%ger .
11. The devi Cf%.cﬁ’Eas@kﬁs@eﬁs o%ﬁé@ﬁ&w@éﬂa%gﬁﬁ%fﬂw EQBy PO @hd b Yegidn ofdfigs have

t he passage therethrough. 12. The devicé of any oneé of clains 8 to 11,
wher ei n t he pamrzydtovpomamoprositaisidenithe ganst i ng. 13. The device of any one of
clainms 8 to 12, wherein the or each passage is disposed through a hub base
of the vane. 14. The device of any one of clains 8 to 13, wherein the
passage cover% at Tieakvicebiuelainy 8f wheeipelicommip afmponsBtrdodipoisdsl a jrantpeinipetiér. t he
vane. 8 '

10.  The device of claim 8, wherein the pump component comprises a pump diffuser.

11.  The device of claim 8, wherein all vanes of the plurality of vanes have the passage

therethrough.

12.  The device of any one of claims 8 to 11, wherein the pump component is a sand

casting.

13.  The device of any one of claims 8 to 12, wherein the or each passage is disposed

through a hub base of the vane.

14.  The device of any one of claims 8 to 13, wherein the passage covers at least

twenty five percent of a meridional extent of the vane.



