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DIFFUSER BUMP VANE PROFILE 

[0001] This application claims priority to and the benefit of co-pending U.S. Provisional 

Application No. 61/485,952, by Song, filed on May 13, 2011, entitled "Diffuser Bump Vane 

Profile," which application is incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates in general to pumps and, in particular, to a pump diffuser for a 

more laminar fluid flow profile through the diffuser during operation of the ESP. 

BRIEF DESCRIPTION OF RELATED ART 

[0003] Wells may use an artificial lift system, such as an electric submersible pump (ESP) to lift 

well fluids to the surface. Where ESPs are used, the ESP may be deployed by connecting the 

ESP to a downhole end of a tubing string and then run into the well on the end of the tubing 

string. The ESP may be connected to the tubing string by any suitable manner. In some 

examples, the ESP connects to the tubing string with a threaded connection so that an uphole end 

or discharge of the ESP threads onto the downhole end of the tubing string. 

[0004] ESPs generally include a pump portion and a motor portion. Generally, the motor portion 

is downhole from the pump portion, and a rotatable shaft connects the motor and the pump. The 

rotatable shaft is usually one or more shafts operationally coupled together. The motor rotates 

the shaft that, in turn, rotates components within the pump to lift fluid through a production 

tubing string to the surface. ESP assemblies may also include one or more seal sections coupled 

to the shaft between the motor and pump. In some embodiments, the seal section connects the 

motor shaft to the pump intake shaft. Some ESP assemblies include one or more gas separators. 

The gas separators couple to the shaft at the pump intake and separate gas from the wellbore 

fluid prior to the entry of the fluid into the pump. 

[0005] The pump portion includes a stack of impellers and diffusers. The impellers and 

diffusers are alternatingly positioned in the stack so that fluid leaving an impeller will flow into 

an adjacent diffuser and so on. Generally, the diffusers direct fluid from a radially outward 

location of the pump back toward the shaft, while the impellers accelerate fluid from an area 

proximate to the shaft to the radially outward location of the pump. Each impeller and diffuser 
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may be referred to as a pump stage. The shaft couples to the impeller to rotate the impeller 

within the non-rotating diffuser. In this manner, the stage may pressurize the fluid to lift the 

fluid through the tubing string to the surface. 

[0006] Generally, the impellers lift the fluid by accelerating fluid from a location proximate to 

the rotating shaft radially outward to an area proximate to a pump housing. There, the fluid is 

directed into the diffuser which directs the fluid back toward the rotating shaft. Diffusers 

accomplish this with a plurality of vanes that have a leading edge proximate to the pump housing 

and a trailing edge proximate to the rotating shaft. The impeller of the next pump stage then 

accelerates the fluid as described above to further pressurize the fluid and continue the lifting 

process. Each vane of the diffuser may have a high pressure surface and a low pressure surface, 

the fluid generally flowing primarily along the low pressure surface. As the fluid moves along 

the low pressure side, it may separate from the low pressure surface causing the flow to be 

turbulent. Turbulent flow decreases the ability of the impeller in the next pump stage to 

accelerate the fluid, thereby decreasing pump efficiency and the overall pump head. Modern 

pumps attempt to decrease fluid separation from the diffuser vanes by having a longer axial 

length that allows fluid to traverse from a radially outward to a radially inward position. The 

longer axial length allows for a gradual fluid transition. However, in modern pumps in oil and 

gas environments, there may be insufficient space to include long diffusers in ESPs. Therefore, 

there is a need for a diffuser having vanes that experience decreased fluid separation over prior 

art diffusers. 

SUMMARY OF THE INVENTION 

[0007] These and other problems are generally solved or circumvented, and technical advantages 

are generally achieved, by preferred embodiments of the present invention that provide a diffuser 

of an electric submersible pump having a bump formed thereon and a method to increase pump 

efficiency and head. 

[0008] In accordance with an embodiment of the present invention, an electric submersible 

pump (ESP) assembly is disclosed. The ESP includes a pump having an impeller for moving 

fluid, a motor coupled to the submersible pump so that the motor may variably rotate the 

impeller in the pump, and a diffuser in the pump downstream of the impeller so that the diffuser 
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will direct moving fluid from the impeller toward a rotating shaft in the pump with minimal 

separation of the fluid from the diffuser. The diffuser includes a frustoconical body having a 

central bore for passage of a rotating shaft, and a plurality of vanes formed on an exterior surface 

of the frustoconical body. Each vane has a leading edge at a downstream end of the vane, and a 

trailing edge at an upstream end of the vane. A curved high pressure surface extends between 

the leading edge and the trailing edge. A curved low pressure surface extends between the 

leading edge and the trailing edge opposite the high pressure surface. The low pressure surface 

has a length greater than the length of the high pressure surface so that fluid flowing along the 

low pressure surface is substantially laminar. 

[0009] In accordance with another embodiment of the present invention, an electric submersible 

pump (ESP) assembly is disclosed. The ESP includes a pump having an impeller for moving 

fluid, a motor coupled to the submersible pump so that the motor may variably rotate the 

impeller in the pump, and a diffuser in the pump downstream of the impeller so that the diffuser 

will direct moving fluid from the impeller toward a rotating shaft in the pump with minimal 

separation of the fluid from the diffuser. The diffuser includes a frustoconical body having a 

central bore for passage of a rotating shaft, and a plurality of vanes formed on an exterior surface 

of the frustoconical body. Each vane has a leading edge at a downstream end of the vane, and a 

trailing edge at an upstream end of the vane. A curved high pressure surface extends between 

the leading edge and the trailing edge. A curved low pressure surface extends between the 

leading edge and the trailing edge opposite the high pressure surface. The low pressure surface 

has a bump formed thereon. The width of each vane increases from the leading edge to the 

bump and decreases from the bump to the trailing edge such that the increase and decrease in 

width occurs on the low pressure surface to increase the length of the low pressure surface from 

the leading edge to the trailing edge so that the fluid flow along the low pressure surface is 

substantially laminar. 

[0010] In accordance with yet another embodiment of the present invention, a method for 

increasing pump efficiency and pumping head of an electric submersible pumping (ESP) system 

is disclosed. The method provides an ESP having a pump portion and a motor portion and 

positions an impeller in the pump portion for moving fluid, the impeller keyed to a rotating shaft 

in the pump portion. The method also positions a diffuser downstream of the impeller so that the 
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diffuser will direct moving fluid discharged from the impeller toward the rotating shaft in the 

pump portion. The method mechanically couples the motor portion to the pump portion so that 

the motor portion may variably rotate the impeller in the pump. Rotation of the impeller 

accelerates fluid from an area proximate to the rotating shaft and discharges the fluid proximate 

to a leading edge of a vane of the diffuser. The method forms the diffuser so that the vane of the 

diffuser has a low pressure surface with a length greater than the length of a high pressure 

surface of the vane, the high pressure surface opposite the low pressure surface. 

[0011] The disclosed embodiments provide an ESP with decreased separation of fluid from the 

vanes of the diffuser. Inclusion of a bump in the diffuser vane increases the length of the vane 

without increasing the axial length of the diffuser. This causes a decrease in fluid turbidity as the 

fluid flows through the diffuser and into the downstream impeller. As a result, pump efficiency 

and pumping head increase. In addition, the disclosed embodiments provide an ESP with 

decreased separation of fluid from the blades of the impeller. Again, this causes a decrease in 

fluid turbidity as it flows from the impeller into the downstream diffuser. As a result, pump 

efficiency and pumping head increase. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] So that the manner in which the features, advantages and objects of the invention, as well 

as others which will become apparent, are attained, and can be understood in more detail, more 

particular description of the invention briefly summarized above may be had by reference to the 

embodiments thereof which are illustrated in the appended drawings that form a part of this 

specification. It is to be noted, however, that the drawings illustrate only a preferred 

embodiment of the invention and are therefore not to be considered limiting of its scope as the 

invention may admit to other equally effective embodiments. 

[0013] Figure 1 is a schematic representation of an electric submersible pump coupled inline to a 

production string and suspended within a casing string. 

[0014] Figure 2 is a perspective view of a diffuser in accordance with an embodiment of the 

present invention. 

[0015] Figure 3 is a perspective view of the diffuser of Figure 2 shown from the opposite side. 
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[0016] Figure 4 is a sectional view of a vane for the diffuser of Figure 2 or an impeller. 

[0017] Figure 5 is a sectional view of an alternative vane for a diffuser or an impeller. 

[0018] Figures 6 is a sectional view of an alternative vane for a diffuser or an impeller. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0019] The present invention will now be described more fully hereinafter with reference to the 

accompanying drawings which illustrate embodiments of the invention. This invention may, 

however, be embodied in many different forms and should not be construed as limited to the 

illustrated embodiments set forth herein. Rather, these embodiments are provided so that this 

disclosure will be thorough and complete, and will fully convey the scope of the invention to 

those skilled in the art. Like numbers refer to like elements throughout, and the prime notation, 

if used, indicates similar elements in alternative embodiments. 

[0020] In the following discussion, numerous specific details are set forth to provide a thorough 

understanding of the present invention. However, it will be obvious to those skilled in the art 

that the present invention may be practiced without such specific details. Additionally, for the 

most part, details concerning electric submersible pump operation, construction, use, and the like 

have been omitted inasmuch as such details are not considered necessary to obtain a complete 

understanding of the present invention, and are considered to be within the skills of persons 

skilled in the relevant art. 

[0021] The exemplary embodiments of the downhole assembly of the present invention are used 

in oil and gas wells for producing large volumes of well fluid. As illustrated in FIG. 1, a 

downhole assembly 11 has an electric submersible pump 13 ("ESP") with a large number of 

stages of impellers 25 and diffusers 27. ESP 13 is driven by a downhole motor 15, which is a 

large three-phase AC motor. Motor 15 receives power from a power source (not shown) via 

power cable 17. Motor 15 is filled with a dielectric lubricant. A seal section 19 separates motor 

15 from ESP 13 for equalizing internal pressure of lubricant within the motor to that of the well 

bore. Additional components may be included, such as a gas separator, a sand separator, and a 

pressure and temperature measuring module. Large ESP assemblies may exceed 100 feet in 

length. An upper end of ESP 13 couples to production string 21. 
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[0022] A rotating shaft 23 may extend from motor 15 up through seal section 19 and through 

ESP 13. Motor 15 may rotate shaft 23 to, in turn, rotate impellers 25 within ESP 13. A person 

skilled in the art will understand that shaft 23 may comprise multiple shafts configured to rotate 

in response to rotation of the adjacent upstream coupled shaft. Impellers 25 will generally 

operate to lift fluid within ESP 13 and move the fluid up production string 21. Impellers 25 

perform this function by drawing fluid into a center of each impeller 25 near shaft 23 and 

accelerating the fluid radially outward. Generally, the fluid accelerated by each impeller 25 will 

then flow into a diffuser 27 axially above impeller 25. There, the fluid is directed from a radially 

outward position to a radially inward position adjacent shaft 23 where the fluid is drawn into a 

center of the next impeller 25. 

[0023] Referring to Figures 2 and 3, diffuser 27 is a generally frustoconical body having a 

central bore 29 through which shaft 23 may pass. Bore 29 may be sealed to but not rotate with 

rotating shaft 23 to prevent passage of fluid between shaft 23 and diffuser 27. A downstream 

end 31 of diffuser 27 comprises the narrower end of the frustoconical body, and an upstream end 

33 comprises the wider end of the frustoconical body. In the illustrated embodiment, the exterior 

surface of diffuser 27 extends downstream from upstream end 33. Then, the exterior surface of 

diffuser 27 curves inward before curving downstream to downstream end 31 such that the 

exterior surface of diffuser 27 is substantially bell shaped. 

[0024] Diffuser 27 includes a plurality of vanes 35 formed on the exterior surface of diffuser 27. 

Each vane 35 has a leading edge 37, a trailing edge 39, a high pressure surface 41, and a low 

pressure surface 43. In the illustrated embodiment, the width at leading edge 37 and trailing 

edge 39 from high pressure surface 41 to low pressure surface 43 is substantially equivalent. 

However, the width of vane 35 varies between high pressure surface 41 and low pressure surface 

43 from leading edge 37 to trailing edge 39 as shown in Figure 4. Low pressure surface 43 may 

be a convex curved surface, and high pressure surface 41 is a concave curved surface. A person 

skilled in the art will recognize that a shell or housing fits over the vanes to enclose each flow 

channel. This shell is not illustrated herein for clarity. 

[0025] Referring to Figure 4, high pressure surface 41 and low pressure surface 43 are curved 

between leading edge 37 and trailing edge 39. A fluid path 47 flowing adjacent low pressure 

surface 43 is longer than a fluid path 49 flowing adjacent to high pressure surface 41. This is 
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accomplished by including a bump 45 in each vane 35. Bump 45 may be a portion of vane 35 

that has a width 51 greater than the width of vane 35 at leading edge 37 and trailing edge 39. 

The width of vane 35 will taper out gradually from leading edge 37 to a base 53 of bump 45. At 

base 53, the width of vane 35 increases from a width 55 at base 53 to width 51. The rate of 

increase of the width of vane 35 from width 55 to width 51 is greater than the rate of increase of 

the width of vane 35 from leading edge 37 to width 55. In an embodiment, width 51 may be two 

to four times width 55. Base 53 corresponds with an area of low pressure surface 43 where fluid 

path 47 may separate from low pressure surface 43. By increasing the width of vane 35 at bump 

45, low pressure surface 43 more closely matches fluid path 47. Thus, when the momentum of 

moving fluid along fluid path 47 tends to overcome the frictional forces maintaining the fluid in 

contact with low pressure surface 43, vane 35 increases in width to track the predicted flow path 

were fluid path 47 to remain attached to low pressure surface 43. From width 51, bump 45 will 

decrease in width from width 51 to trailing edge 39 at a rate similar to the rate of increase of 

width from width 55 to width 51. In the illustrated embodiment of Figure 4, low pressure 

surface 43 may have a radius 44 between leading edge 37 and base 53 and a radius 46 at bump 

45. A person skilled in the art will recognize that radius 44 may be larger than radius 46 so that 

the curvature of bump 45 is greater than the curvature of low pressure surface 43 between 

leading edge 37 and base 53. High pressure surface 41 may have a radius 48 between leading 

edge 37 and trailing edge 39. A person skilled in the art will recognize that high pressure surface 

41 may have a compound curvature with more than one radius 48. 

[0026] As described above, bump 45 protrudes from low pressure surface 43. Low pressure 

surface 43 traverses the change in width in a smooth gradual manner that minimizes edges, or 

sudden protrusions, between leading edge 37, bump 45, and trailing edge 39. In the illustrated 

embodiment, bump 45 is placed such that width 51 is proximate to trailing edge 39. This 

placement coincides with the expected fluid boundary layer along low pressure surface 43 so that 

width 51 is coincides with the expected transition location of laminar flow to turbulent flow 

along low pressure surface 43. In this manner, fluid flow along low pressure surface 43 will 

separate from low pressure surface 43 at a decreased rate, thereby decreasing turbidity of flow 

into the downstream impeller 25. This increases efficiency and pumping head of ESP 13. In an 

embodiment, width 51 may be located at a location that is 25% to 40% of the distance from 
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trailing edge 39 of the length of low pressure surface 43 between leading edge 37 and trailing 

edge 39. 

[0027] Width 51 of bump 45 from high pressure surface 41 to low pressure surface 43 may vary 

according to the particular ESP in which diffuser 27 is placed. The position of bump 45 may 

also vary between leading edge 37 and trailing edge 39. Preferably, bump 45 will be positioned 

so as to increase the length of low pressure surface 43 with a minimum of disruption to flow path 

47 along low pressure surface 43. Generally, this will correspond with a position for bump 45 

proximate to trailing edge 39 along low pressure surface 43. 

[0028] As shown in Figures 5 and 6, bump 45 may be positioned at other locations along low 

pressure surface 43. In the illustrated embodiment of Figure 5, a vane 35' includes a bump 45' 

positioned approximately halfway between leading edge 37' and trailing edge 39'. As shown, 

this places width 51' approximately halfway between leading edge 37' and trailing edge 39'. 

Vane 35' will include the components of and operate as vane 35 of Figure 4 described above. In 

the illustrated embodiment of Figure 6, vane 35" includes a bump 45" positioned proximate to 

leading edge 37". In an embodiment, width 51" may be located at a location that is 25% to 

40%) of the distance from leading edge 37" of the length of low pressure surface 43" between 

leading edge 37" and trailing edge 39". Vane 35" will include the components of and operate 

as vane 35 of Figure 4 described above. 

[0029] In other alternative embodiments, a bump 45 may also be placed on impeller 25. A bump 

will be formed on the low pressure side of each blade of impeller 25. As described above with 

respect to diffuser 27, the bump of impeller 25 will be formed to increase the width between the 

high pressure surface of each blade of impeller 25 and the low pressure surface of each blade of 

impeller 25. Similar to diffuser 27, the low pressure surface of each blade of impeller 25 will be 

smooth to decrease separation of the moving fluid from the low pressure surface of each blade of 

impeller 25. As a result, this will decrease turbidity. The decreased turbidity of flow through 

impeller 25 will increase overall efficiency of ESP 13 and increase pumping head of ESP 13. A 

person skilled in the art will recognize that the vanes 35 illustrated in Figures 4-6 may be 

considered to be either a vane of a diffuser or a vane of an impeller. 
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[0030] Accordingly, the disclosed embodiments provide numerous advantages. For example, 

the disclosed embodiments provide an ESP with decreased separation of fluid from the vanes of 

the diffuser. Generally, diffusers accomplish decreased separation by having a longer axial 

length that allows fluid to traverse from a radially outward to a radially inward position. The 

longer axial length allows for a gradual fluid transition. However, in modern pumps in oil and 

gas environments, there is insufficient space to include long diffusers in ESPs. Inclusion of a 

bump in the diffuser vane overcomes this longstanding problem by increasing the length of the 

vane without increasing the axial length of the diffuser. This causes a decrease in fluid turbidity 

as the fluid flows through the diffuser and into the downstream impeller. As a result, pump 

efficiency and pumping head increase. In addition, the disclosed embodiments provide an ESP 

with decreased separation of fluid from the blades of the impeller. Again, this causes a decrease 

in fluid turbidity as it flows from the impeller into the downstream diffuser. As a result, pump 

efficiency and pumping head increase. 

[0031] It is understood that the present invention may take many forms and embodiments. 

Accordingly, several variations may be made in the foregoing without departing from the spirit 

or scope of the invention. Having thus described the present invention by reference to certain of 

its preferred embodiments, it is noted that the embodiments disclosed are illustrative rather than 

limiting in nature and that a wide range of variations, modifications, changes, and substitutions 

are contemplated in the foregoing disclosure and, in some instances, some features of the present 

invention may be employed without a corresponding use of the other features. Many such 

variations and modifications may be considered obvious and desirable by those skilled in the art 

based upon a review of the foregoing description of preferred embodiments. Accordingly, it is 

appropriate that the appended claims be construed broadly and in a manner consistent with the 

scope of the invention. 
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WHAT IS CLAIMED IS: 

1. An electric submersible pump (ESP) assembly comprising: 

a motor; 

a pump driven by the motor and having a plurality of stages, each stage comprising: 

an impeller for moving fluid; 

a diffuser downstream of the impeller; 

the diffuser and the impeller each having a plurality of vanes formed on an exterior surface; 

at least some of the vanes comprising: 

a leading edge at a downstream end of the vane; 

a trailing edge at an upstream end of the vane; 

a curved high pressure surface extending between the leading edge and the trailing edge; 

and 

a curved low pressure surface extending between the leading edge and the trailing edge 

opposite the high pressure surface, the low pressure surface having a length greater than the 

length of the high pressure surface so that fluid flowing along the low pressure surface is 

substantially laminar. 

2. The ESP of Claim 1, further comprising a bump formed on the low pressure surface, 

wherein the width of each vane increases from the leading edge to the bump and decreases from 

the bump to the trailing edge such that the increase and decrease in width occurs on the low 

pressure surface to increase the length of the low pressure surface from the leading edge to the 

trailing edge. 

3. The ESP of Claim 2, wherein a maximum width of the bump is located about halfway 

between the leading edge and the trailing edge. 
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4. The ESP of Claim 2, wherein a maximum width of the bump is closer to the leading edge 

than to the trailing edge. 

5. The ESP of Claim 2, wherein a maximum width of the bump is located closer to the 

trailing edge than to the leading edge. 

6. The ESP of Claim 1, wherein the low pressure surface further comprises a base 

positioned on the low pressure surface proximate to the leading edge, the vane increasing in 

width at a first rate between the leading edge and the base and the vane increasing in width at a 

second rate between the base and a maximum width of the vane. 

7. The ESP of Claim 6, wherein the width of the vane decreases in width from the 

maximum width to the trailing edge at the second rate. 

8. The ESP of Claim 6, wherein the base is located proximate to a predicted location of 

fluid separation from the low pressure surface of the vane. 

9. The ESP of Claim 1, wherein the at least some of the vanes are located on the diffuser. 

10. The ESP of Claim 1, wherein the at least some of the vanes are located on the impeller. 
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11. An electric submersible pump (ESP) assembly comprising: 

a pump having a plurality of impellers for moving fluid; 

a motor coupled to the submersible pump to rotate the impellers in the pump; 

a plurality of diffusers in the pump, each of the diffusers being downstream of one of the 

impellers; 

each of the plurality of diffusers including a frustoconical body having a central bore for 

passage of a rotating shaft, and a plurality of vanes formed on an exterior surface of the 

frustoconical body; 

each of the plurality of vanes comprising: 

a leading edge at a downstream end of the vane; 

a trailing edge at an upstream end of the vane; 

a curved high pressure surface extending between the leading edge and the trailing edge; 

a curved low pressure surface extending between the leading edge and the trailing edge 

opposite the high pressure surface, the low pressure surface having a bump formed thereon; 

and 

wherein the width of each vane increases from the leading edge to the bump and 

decreases from the bump to the trailing edge such that the increase and decrease in width 

occurs on the low pressure surface. 

12. The ESP of Claim 11, wherein a maximum width of the bump is located halfway between 

the leading edge and the trailing edge. 

13. The ESP of Claim 11, wherein a maximum width of the bump is located proximate to the 

leading edge. 

14. The diffuser of Claim 11, wherein a maximum width of the bump is located closer to the 

trailing edge than to the leading edge. 
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15. The ESP of Claim 11, wherein the low pressure surface further comprises a base 

positioned on the low pressure surface proximate to the leading edge, the vane increasing in 

width at a first rate between the leading edge and the base and the vane increasing in width at a 

second rate between the base and a maximum width of the vane. 

16. The ESP of Claim 15, wherein the width of the vane decreases in width from the 

maximum width to the trailing edge at the second rate. 

17. The ESP of Claim 15, wherein the base is located proximate to a predicted location of 

fluid separation from the low pressure surface of the vane. 

18. An electric submersible pump (ESP) assembly comprising: 

a motor; 

a pump driven by the motor and having a plurality of stages, each stage comprising: 

an impeller for moving fluid; 

a diffuser downstream of the impeller; 

the diffuser and the impeller each having a plurality of vanes formed on an exterior surface; 

at least some of the vanes comprising: 

a leading edge at a downstream end of the vane; 

a trailing edge at an upstream end of the vane; 

a curved high pressure surface extending between the leading edge and the trailing edge; 

and 

a curved low pressure surface extending between the leading edge and the trailing edge 

opposite the high pressure surface, the low pressure surface having two radii of curvature, 

one radius at least two to four times greater than the other radius so that fluid flowing along 

the low pressure surface is substantially laminar. 
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19. The ESP of Claim 18, wherein the low pressure surface further comprises a base 

positioned on the low pressure surface proximate to the leading edge, the vane increasing in 

width at a first rate along the greater radius of curvature between the leading edge and the base 

and the vane increasing in width at a second rate along the other radius of curvature between the 

base and a maximum width of the vane. 

20. The ESP of Claim 19, wherein the width of the vane decreases in width from the 

maximum width to the trailing edge at the second rate along the other radius of curvature. 
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