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
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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 1o

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:



enbodi nent of the present invention; [0006] 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 nment

of the present invention; [0007] Figure 3 is an

ort hogonal 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
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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

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



energy flow region. These passages enable a snal

anount of fluid to pass fromthe Iow energy fl ow

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
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a desired location via, for exanple, tubing formng
déptemfapay 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.



system 40. 3 [0016] The illustrated centrifugal punp

20 and el ectric subnergible punping system 24 are

exanpl es of many potential centrifugal punps, punping
systens, and punping applications. For exanple,

centrifugal punp 20 can be utilized in many types of
punpi ng applications, including production

applications, injection applications, fluid transfer
appl i cati ons and ot her punping applications.
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[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



Figure 3 has been | abeled a diffuser vane 58 but the

di scussion also 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 paths 62. Each passage 60 extends into fluid

communi cation with a secondary flow or | ow energy
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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



contour of the vanes, and the punping efficiency
paraneters. [0023] In the inpeller and diffuser

enbodi ments illustrated, the passages 60 have

geonetries and orientations selected to enable sand
casting of the punp conponents w thout requiring
subsequent nmachining. The ability to formthe entire

punp conponent, e.g. punp inpeller or punp diffuser,

in a sand casting procedure enabl es production of
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appreci ate that many nodifications are possible

W thout materially departing fromthe teachings of
this invention. Accordingly, such nodifications are
intended to be included wthin the scope of this
invention as defined in the clains. 6 CLAIMS 1. A

nmet hod of making a centrifugal punp inpeller or

di ffuser, the nethod conprising: formng a
centrifugal punp inpeller orgggg@iier with a plurality
of vanes by sand casting; a g a (or a
respective) vane passage insert to forma (or a

respective) passage through one or re vapnes gof th
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of corhpiilif:t hrough the one or nore vanes in use of the

punp;” wherein the or each passage is oriented such

t hat r efamning ofentrifugal pumpdmpelion er distiseravith  plyeality ofeanes by sand
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di UM ¥He sand core. 2. The method of claim i,
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i ncorporating an inpeller and/or a diffuser nmade by

t h&romnthe hasg abtheaydpe.one of claims 1 to 5. 7

3. The method of claim 1 or claim 2, wherein at least one passage extends along the

base of its vane.

4, The method of any preceding claim, wherein a respective passage is formed in

each vane of the plurality of vanes.

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

region on the opposite side of the vane.

6. A centrifugal pump incorporating an impeller and/or a diffuser made by the

method of any one of claims 1 to 5.



