
SYSTEM AND METHOD OF PUMPING WHILE REDUCING  SECONDARY FLOW EFFECTS
BACKGROUND  [0001] Centrifugal pumps are used in many environments to pump
a variety of  fluids. For example, centrifugal pumps are used for electric
submergible pumps placed  within wells or in other submerged environments.
The electric submergible pumps often  are used in the production of
petroleum or in the transfer of other fluids in well related  environments.
[0002] Electric submergible pumps are formed with multiple pump stages that
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 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 1 is a front elevation view of an electric submergible
pumping  system deployed in a wellbore and having a centrifugal pump,
according to an  embodiment of the present invention; 10006] Figure 2 is a
schematic front elevation view of a centrifugal pump having  a plurality of
stages each containing an impeller and a diffuser, according to an
embodiment of the present invention; [0007] Figure 3 is an orthogonal view
of a pump component vane having a  passage extending through the vane to a
low energy flow region, according to an  embodiment of the present
invention; 100081 Figure 4 is an orthogonal view of a portion of a pump
component with a  vane comprising the passage, according to an embodiment
of the present invention;  100091 Figure 5 is an orthogonal view of another
pump component with vanes  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 100111 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 2 energy flow region. These passages
enable a small amount of fluid to pass from the low  energy flow region on
one side of the vane to an opposite side of the vane, thereby  reducing
hydraulic losses otherwise associated with the low energy flow region.
[0013] Referring generally to Figure 1, one embodiment of a centrifugal
pump  deployed in a pumping application is illustrated. In this embodiment,
a centrifugal pump  20 is utilized in a well environment. Centrifugal pump
20 is formed as an electric  submergible pump 22 coupled into an electric
submergible pumping system 24. Electric  submergible pumping system 24 may
comprise a variety of components depending on the  particular application
or environment in which it is used. Byway of example, electric  submergible
pumping system 24 comprises a submergible motor 26 to power  submergible
pump 22. Additionally, a motor protector 28 may be positioned between
submergible motor 26 and submergible pump 22 to protect the internal motor
oil of  submergible motor 26 and to balance internal and external pressure
differentials. [00141 In the embodiment illustrated, electric 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  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. 3 [00161 The illustrated centrifugal pump 20 and
electric submergible pumping  system 24 are examples of many potential
centrifugal pumps, pumping systems, and  pumping applications. For example,
centrifugal pump 20 can be utilized in many types  of pumping applications,
including production applications, injection applications, fluid  transfer
applications and other pumping applications. Additionally, electric
submergible  pumping system 24 may comprise additional or alternate
components depending on the  specific pumping application and pumping
environment. 100171 As illustrated in Figure 2, centrifugal pump 20
comprises at least one stage  and usually a plurality of stages 48 disposed
within an outer pump housing 50. Each  stage 48 comprises pump components
for inducing and directing fluid flow. As  illustrated, the pump components
in each stage comprise an impeller 52 and a diffuser 54.  Impellers 52 are
rotated by an appropriate power source, such as submergible motor 26,  to
pump fluid through centrifugal pump 20 in the direction of arrow 55. Each
rotating  impeller 52 moves 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. 



100181 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. [00191 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 4 example, passages 60 extend through the vane from
low energy fluid flow region 66 in  flow path 62 to a relatively high
energy fluid flow region 68 in the next sequential flow  path 62 on an
opposite side of the vane. The passage or passages 60 allows a small
amount of fluid to pass from low energy region 66 to an opposite side of
the vane,  resulting in reduced hydraulic losses. [0020] A variety of
passage designs can be used to reduce hydraulic losses. For  example, one
of the passages 60 illustrated in Figure 3 is disposed along a base 70 of
the  vane and is generally low lying relative to the base. The other
illustrated passage 60 is  formed with a dimension that extends a greater
distance relative to base 70. For example,  the second passage 60 has a
dimension greater than twenty five percent of a meridional  extent 72 of
the vane. Base 70 can be a hub base or a shroud base depending on the  pump
component in which passages 60 are formed. 100211 The number of passages 60
used in a given vane also can vary. As  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 5 designed with a geometry and orientation to
enable a sand casting procedure in which  removal of a vane passage insert
from a sand core does not disturb the sand core. This  allows the entire
pump impeller 52 or pump diffuser 54, including passages 60, to be  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 impeller
52 or diffuser 54 to enable a clean  removal of the vane passage insert
during the sand casting procedure. It should be noted  that casting
techniques other than sand casting techniques also can be used in some pump
component formation applications. 



[0024] The use of pump components having vanes with passages positioned to
reduce the detrimental effects of secondary flow provides a cost effective
approach to  improving pumping efficiency of centrifugal pumps.
Additionally, by orienting the  passages along a suitable vane insert pull
angle 76, the cost of manufacturing these pump  components also can be
reduced. 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. 100251
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. 6 CLAIMS  1. A centrifugal pump
comprising an impeller with a plurality of vanes extending  from a hub
base, one or more of the vanes having a passage extending through the vane,
the passage occupying at least twenty five percent but less than one
hundred percent of  the dimension of the vane measured in a direction
extending away from the hub base. 2. The centrifugal pump of claim 1,
wherein each vane of the impeller has such a  passage. 3. The centrifugal
pump of claim 1 or claim 2, wherein the or each passage extends  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. 7 


