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

stage. Common c f C a flbo iolis forces in inpellers as
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~suction/shroud corner in inpellers. SUMWARY [0003] In general, the present
i nvention provides a cost-effective technique for inproving the punping
efficiency of centrifugal punps. A BACKGROENIbrned through one or nore
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reference to the acconpanyi ng aw ngs, wherein like re
denote |ike c®lionmants, and: 1

{0002} Electric submergible pumps are formed with multiple pump stages that

¢ach 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 impeilers and diffusers. The secondary flow commonly has a lower
velocity than the core flow and often collects at the suction/hub comer 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 opposite side of the vane (o

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:



[0005] Figure 1 is a front elevation view of an electric subnergible
punpi ng system deployed in a well bore and having a centrifugal punp,
according to an enbodi nent of the present invention; 10006] Figure 2 is a
schematic front elevation view of a centrifugal punp having a plurality of
stages each containing an inpeller and a diffuser, according to an
enbodi nent of the present invention; [0007] Figure 3 is an orthogonal view
of a punp conponent vane having a passage extending through the vane to a
| ow energy flow region, according to an enbodi nent of the present
i nvention; 100881 Fi guFguék i & adfomoelchafgondéw oi eveledtriasgtandriible mimpngpunp

i Si according to an enbodi nent

component with a ,vane conprising the passage .
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enbodi ment of the present invention; and g0010].Flgure 6 is a front view
of a punp corfBffdnt il FueyteAsiasghomdtisrfraut elgmatish view ef pagwafyealramenzying sand
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enbodi ments may be possible’ [0012] The presént invention generally

rel ates to actbedipiequel thopreprmhpivagtidn ui ds. A centrifugal punp utilizes
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oriented to reduce hydraulic l'osses”due to Secondary atterns.
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comprising the passage, 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 centritfugal 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 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



directing vanes within individual stages of the centrifugal punp. H gher
energy fluid flow regions often are |ocated i medi ately across the vane in
an adjacent flow path. One or nore passages can be formed through the vane
and into communication with the low 2 energy flow regi on. These passages
enable a small amount 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 associated with the | ow energy flow region.
[0013] Referring generally to Figure 1, one enbodi nent of a centrifugal
punp depl oyedrgnilaw pegi. iTheapplss s exabld $srhall armdumoeduidlto phRifonetizack ment |

a centrifugal pu 20 is utilized. jn a well envirannmept. Centrifugal punp
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punpi ng syst aifnddeibie pulPei dYSEmf o maE QIR AtvaliBtyd WothpordAtsiRpsRshpdA Rl N a
geol ogi cal formation 32 containing 'desirable production fluids, such as
hydr ocar bon Pragedarfappliepsion phenatoagient i véudihis isgisbd.eBy piasoil exprenletebasirz
actually is i e i [ i ormation 32.
In sonme appl g@g{e?%ﬁg,pbﬁp\%é@%&ghcc& fﬁﬁlgég%éu?’gw@ﬁelg ngoggljl il%%g%g glf wel | bore 34.
A plurality abnrepebliepgspd?. paldittomally,anaotdBpioseciod 28wthytHrrposigibnstehdtbashe
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system 24 i sa@aRayRMdir 2RindRe bElard inlnaB i PHREAR P&k e dERIrOMERNT System
40. Depend| n?OOCiDl] the aI‘r)thé gtgltjédci)r?léntdiﬁt?sltr?\%;g?eqtectric submergible pumping system 24 is
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
tum, 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.




system 40 may conprise cable, production tubing, coil tubing, or other
appropriate deploynent systens. Depl oynent system40 is coupled to

el ectric subnergible punp 22 or to another appropriate conponent of
punpi ng system 24 by a connector 42. Power is provided to subnergible
notor 26 via a power cable 44. The subnergi ble notor 26, in turn, powers
subnergi bl e punp 22 which draws fluid in through a punp intake 46. The
fluid can be punped to a desired location via, for exanple, tubing formng
depl oynment system 40. 3 [00161 The illustrated centrifugal punp 20 and
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inpeller to the next sequential inpeller until the fluid is expelled from
the centri f utiaellsupgpmoves fluid from the upstream diffuser 54 into and through the downstream

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 50, 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



100181 The inpeller vanes 56 and the diffuser vanes 58 can have secondary
flow patterns that develop wthin stages 48. The secondary fl ow patterns
result in regions of |ower velocity and thus | ower energy flowrelative to
the core flow through centrifugal punp 20. Comonly, a higher energy fluid
flowregion is located i medi ately across a given vane fromthe | ow energy
fl ow region. The secondary flow patterns create hydraulic |osses and thus
a reduced punping efficiency. [00191 As illustrated in Figure 3, one or
nore passages 60 are disposed in selected vanes 56 and/or 58. For the
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the vane. Base 70 can be. a hu% base gb aO‘shro d base depending on the punp
conponent i nPWAP EAMBYRELgexhiglhpassaecs 8P AdOM211 The nunber of passages 60

used in a giyvemiyane argOnGARer\W@p¥ssatd 60 ubddif o ah®alkb 84 Rurgt, A§ OF
exanpl e, a single passage 60 is di sposed through vane 56 of

illustrated in Figure 4, for example, a single passage 60 is disposed 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 5, 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




one of the inpellers 52. The passage or passages 60 can be di sposed through
single vanes, selected vanes, or all of the vanes utilized in a given
inmpeller 52 and/or diffuser 54. Additionally, passages 60 can be used in
only the inpellers, only the diffusers, or in both the inpellers and the
diffusers within centrifugal punp 20. [0022] As illustrated in Figure 5,
for exanple, individual passages 60 are disposed through each vane 58 of
the diffuser 54. In this enbodi nent, passages 60 are disposed al ong bases
70 of vanes 58 proximate a hub 74 of diffuser 54. The hub side passages
are positi onéckigrmdmmreegﬁon&t@laﬁdi beaedtiion tsiedﬂolmsaﬁﬂrcastmgqyradddaminiwha:h
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punpi ng efficiency parameters. [0023] In the inpeller and diffuser
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enabl e a sand casting procedure in which Tenoval of a vane passage |nsert
froma sand ewpRoTgBEleRBiondippli¢ations.he sand core. ThIS allows the entire
punp i npelle or pu or med
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the passagesd6& the derinentateffedtontsecondaryelldw pevidepulcost affgétive Approddietovane

i nsert pull le 76 is. ected _.according to the. design of the |npeller
52 or diff usgm?rgﬁmg BUERILBIS g%e'tcp’é’éﬁem?é%'\l%mlﬁf f’t‘ﬁ&“\?& by QLignine thﬁser t
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techni ques ot her than sand casting techniques al so can be used in sonme punp
conmponent f ofdraRdngnts afspickie e reghecd. The size and shape of the pump components as well as

the number and contour of pump component vanes 56, 58 can be adjusted depending on

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.



[ 0024] The use of punp conponents having vanes with passages positioned to
reduce the detrinental effects of secondary flow provides a cost effective
approach to inproving punping efficiency of centrifugal punps.
Additionally, by orienting the passages along a suitable vane insert pul
angle 76, the cost of manufacturing these punp conponents also can be
reduced. The size and shape of the punp conponents as well as the nunber
and cont our of punp conponent vanes 56, 58 can be adjusted dependi ng on
factors such as the desired centrifugal punp design and the environnent in
which the centrifugal punp is utilizedCLAIMShernore, 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
Accordingly, althoAgéntAflghl FunSMsnesRag draRpell@ fwithEplRf85eivahév&idndgp  have
been described in detail above, those of ordinary skill “in the art wl|
readily appr%@nath@ tbm opgeiymers @f theoanesdisingraapisge Prypeding threigh tharasei al | y
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i nvention as theﬂlmmdlonrmf theerant micasiredain Gldideddidn d&tenﬂnrgemamffungﬂie hob ibpse.
conprising an inpeller with a plurality of vanes extending froma hub
base, one or nore of the vanes having a passage extendi ng through the vane,
the passage ofcupyTheGeafrifh@aphmp EElhim 1, Wikeréif 6@ anb bt the @@pelldh Bk QIR a
hundred percent of the dinension of the vane neasured in a direction

ext endi ng aweBA3348&m t he hub base. 2. The centrifugal punp of claim1l
wherein each vane of the inpeller has such a passage. 3. The centrifuga
punp of claiml or claim2, wherein the or each passage extends between a
| ow energy flbw r elicamnigifugahpursp décleim 1 beclaiam?, wirdein thd glvachnpasspgefekionds
region ont ho t\ggeﬁ)loslb%veeng}gg%ow re:[glon ohone SIdZ: of the vane and a high energy flow region

on the opposite side of the vane.




