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IMPELLER

This invention relates to an impeller. |n particular this invention relates to an impeller
having improved efficiency for use, for example, iIn pumps such as centrifugal pumps and

vertical pumps and in turbines such as wind turbines.

BACKGROUND

Impellers are widely used to move fluids and/or extract energy from them. For
example, impellers are typically used in pumps (e.g. centrifugal pumps) to pump fluids such
as gas or liquid. Impellers are also used In turbines which extract energy from fluid flow (e.qg.

wind, steam or water), the energy being used, for example, to generate electricity.

As a fluid 1Is moved by or moves an impeller, it Is preferable to keep the flow as
parallel to the blade surfaces as possible to reduce friction and turbulence which leads to
energy loss. As fluid flows through the rotating impeller, a pressure difference builds up
across of each blade as the rotational motion causes the fluid to drag more on one side of
the blade surface than the other. This pressure difference causes an increase in the torque
needed to rotate the impeller. In is a preferred aim of the present invention to reduce the
torque needed to rotate an impeller thus improving the efficiency of pumps/turbines

Incorporating such impellers.

A centrifugal pump comprises an impeller as a rotary element and a stationary casing
(volute). Rotation of the impeller within the volute accelerates the liguid causing it to exit the
Impeller blades at a greater velocity than that at which it entered the impeller. This
acceleration reduces pressure at the impeller inlet causing more liquid to enter. The liquid
exiting the impeller Is collected In the volute where its flow momentum Is converted to

pressure before leaving the pump.
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Diffusion loss (which causes inefficient conversion of momentum to pressure) results
from flow friction with the walls of the volute, flow separation and turbulence within the fluid.

It Is a preferred aim of the present invention to reduce diffusion loss in a centrifugal pump.

Furthermore, it I1s a preferred aim of the present invention to provide an impeller

which can be formed from plastics material using injection moulding.

SUMMARY OF THE INVENTION

In a first aspect there iIs disclosed an impeller having a central hub carrying the
leading edges of a plurality of blades, each of uniform width, and extending to a base plate,
wherein the depth of the base plate is less than a quarter of the width of each of said

plurality of blades.

The term “depth of the base plate” Is intended to refer to the depth in the axial
direction of the base plate. VWhere the base plate Is integral with the central hub and/or has
the same diameter as the maximum central hub diameter, the base plate Is intended to refer

to the plate having a constant diameter provided at the base of the central hub.

The term "width of each of said plurality of blades” Is intended to refer to the distance

between the two opposing surfaces of each blade 1.e. the distance between the two edges of

a cross-section through a blade.

In kKnown impellers, the depth of the base plate is typically larger than the width of the
blades. By providing a base plate having a base plate of reduced depth, it Is possible to
reduce the diffusion Iimit of a pump incorporating such an impeller. The reduction In the
base plate thickness provides an elongation of the overall blade dimension which helps to

reduce drag.
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The central hub Is preferably frusto-conical with a non-linear (concave) taper. In this
case, It I1s preferable that the diameter of the base of the central hub matches the diameter of

the base plate.

The base plate may be integral with the central hub.

The impeller may be a closed impeller 1.e. with a shroud or it may be an open or

semi-open impeller.

At least one blade may comprises at least one aperture.

By providing an aperture extending through at least one blade in an impeller, it Is
possible to balance the fluid (e.g. liquid or air) pressure across the blade. This pressure
pbalance means that less torque i1s required to rotate the impeller which, Iin turn, increases
energy efficiency of a pump incorporating such an impeller. Furthermore, the presence of
the at least one aperture In the at least one blade reduces the fluid pressure within the
impeller which results in an increase in fluild momentum within the impeller. This results In a
greater suction at the impeller inlet and improved flow rate through the impeller. Finally, it is
thought that the edges of the at least one aperture act to grip the fluid and provide an

Improved flow movement inside the impeller.

Preferably more than one (and preferably all) of the plurality of blades comprises a

respective at least one aperture.

By providing more than one (and preferably all) of said plurality of blades with a
respective at least one aperture, it Is possible to balance the fluid pressure across a number
(and preferably all) blades which, Iin turn, leads to an even greater Increase In energy

efficiency and improvement in flow rate and flow movement.

3
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More preferably, the at least one blade comprises a plurality of apertures. Even
more preferably, more than one of said plurality of blades, and most preferably all blades,

comprise a respective plurality of apertures.

In this way, the maximum pressure balance can be achieved across the entire length
of each blade to lead to the maximum increase In energy efficiency and maximum

Improvement in flow rate and flow movement.

The or each aperture has openings on either side of the respective blade. The
opening may be of any shape or dimension. For ease of formation, the openings typically

have a circular shape or they may have an ellipse or oval shape.

One or more of the or each aperture(s) may have an axis which is perpendicular to
the surface of the respective blade. In this manner, for an aperture with circular openings,

the aperture has a circular cross section and a cylindrical profile.

Alternatively, one or more of the or each aperture(s) may have an axis which is

angled relative to the surface. If a circular tool Is used to form such apertures, the openings

are typically oval or an ellipse.

For blades having a plurality of apertures, the apertures need not all extend through

the blade at the same angle and they need not all have the same shape openings.

For blades having a plurality of apertures, the apertures may be arranged In any
manner on the blade. However, they are typically spaced over the surface of blade e.g. In

an arc or row extending from an outlet end of the impeller to an input end of the impeller.
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The size of the or each aperture on the or each blade Is not limited. However, 1t Is
preferable that apertures closer to the output end of the impeller are larger than apertures
closer to the input end of the impeller. Thus, In a row or arc of apertures on any blade, the
cross-sectional dimension of the apertures increases from the input end to the output end of

the impeller.

The impeller may be any type of impeller, for example, it may be a centrifugal

impeller, an axial flow impeller, a radial flow impeller, a turbine or a propeller.

It may or may not have a central hub for supporting the plurality of blades. A central
hub typically supports the leading edges of the blades. The leading edges are those

encountered first in fluid flow.

It may be a closed impeller with a shroud e.g. a funnel shaped shroud to increase the
volume of the impeller. A shroud typically supports the trailing edge of the blades. The

trailing edges are those encountered last in fluid flow.

The impeller may be formed of any suitable material e.g. metal or plastics material.

Also disclosed Is an impeller having a central hub carrying the leading edges of a
plurality of blades and extending to a base plate, a shroud carrying the trailing edges of said
plurality of blades and defining an impeller inlet distal the base plate, each of said plurality of
blades further having an outlet edge extending from the respective trailing edge distal the
impeller inlet to the base plate wherein the diameter of the base plate Is smaller than the

diameter of the impeller inlet.
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The term “leading edge” is intended to refer to the edge of the blade encountered first
by fluid flow. The term “trailling edge” Is intended to refer to the edge of the blade

encountered last by fluid flow.

By providing the base plate with a smaller diameter than the impeller inlet, two

significant advantages are achieved.

In known impellers having a shroud (known as closed impellers), the base plate iIs
larger than the impeller inlet (suction diameter) and, typically, extends to the limits of the
trailing edges of the blades such that no free outlet edges of the blades are exposed. It is
not possible to manufacture such closed impellers using injection moulding of plastics
material because it I1s impossible to extract the manufacturing tool after moulding. By
reducing the diameter of the base plate such that it iIs smaller than the suction diameter
defined by the Inlet of the shroud, it is possible to form a closed impeller using njection
moulding of plastics material because the manufacturing tool can be withdrawn from the
moulded impeller without any interference with the base plate. Use of injection moulding

significantly reduces manufacturing costs and simplifies precision manufacturing and

pbalancing of closed impellers formed of plastics material.

A further advantage is that the omission of the larger base plate makes it Is possible
to reduce the diffusion limit of a centrifugal pump incorporating the impeller because there iIs
a reduced distance between the impeller outlet and the volute and there is reduced friction

against the base plate.

It will be readily appreciated that the impeller is preferably formed of plastics material.
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In preferred embodiments, the outlet edge and/or the leading edge adjacent the base
plate of each of said plurality of blades is thickened In width. This 1s to strengthen and

minimise flexing of the blades.

Preferred embodiments of the present invention will now be described with reference
to the accompanying Figures in which:

Figure 1 shows a first embodiment of an impeller;

Figure 2 shows a second embodiment of an impeller;

Figure 3 show a third embodiment of an impeller; and

Figure 4 shows a fourth embodiment of an impeller.

DETAILED DESCRIPTION OF THE DRAWINGS

Figures 1 to 4 show various embodiments of an impeller. Figures 1 and 3 show a

closed or shrouded impeller 1. Figures 2 and 4 show an open impeller 2 without any shroud.

Each impeller 1, 2 comprises a plurality of blades 3. The leading edges (i.e. the
edges encountered first by any fluid flow) 4 of the blades 3 are supported on a central hub 5

which extends to a base plate 6. The base plate 6 I1s a cylindrical plate having a depth, d.

The closed impeller shown In Figures 1 and 3 has a shroud 7 which iIs frusto-conical
IN shape with a non-linear (concave) taper. The trailing edges (i.e. the edges encountered
last by any fluid flow) 8 of the blades 3 are supported on an inner surface of the shroud 7.
The shroud 7 defines a shroud Inlet 9 which corresponds to the impeller inlet, 9. The blades
3 further include a respective outlet edge 10 which, In figure 1, are joined to the base plate 6.

Each outlet edge 10 extends from the trailing edge 8 most distal the shroud/impeller inlet

towards the central hub 5.



10

21 01 20

20

25

In the closed impeller 1, the central hub 5 is cylindrical. In the open impeller, the
central hub 5 Is frusto-conical with a non-linear (concave) taper. The maximum diameter of
the central hub 5 Is at the base of the central hub 5 adjacent the impeller outlet and the
maximum diameter of the central hub 5 matches the diameter of the base plate 6. The

central hub 5 and base plate 6 are integral.

Each of the blades 3 carries a plurality of apertures 11 which extend through the

blade. In Figures 2 and 4, each blade has two apertures. In Figures 1 and 3, each blade

has three apertures 11 (only two visible in Figure 1).

By providing an aperture extending through at least one blade in an impeller, it Is
possible to balance the fluid (e.g. liquid or air) pressure across the blade. This pressure
palance means that less torque Is required to rotate the impeller which, In turn, increases
energy efficiency of a pump incorporating such an impeller. Furthermore, the presence of
the at least one aperture In the at least one blade reduces the fluid pressure within the
impeller which results in an increase in fluid momentum within the impeller. This results In a
greater suction at the impeller inlet and improved flow rate through the impeller. Finally, it is
thought that the edges of the at least one aperture act to grip the fluild and provide an

Improved flow movement inside the impeller.

In Figures 1 and 3, the apertures 11 extend in an arc along each blade. They have
circular openings and the axes through each aperture extend perpendicular to the surfaces

of the blade.

In Figures 2 and 4, the apertures 11 closest to the impeller inlet 9 have circular

openings whilst the apertures closest to the impeller outlet have oval openings.
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In Figure 1, a conventional base plate 6 is shown. This base plate is larger than the
iImpeller inlet/suction diameter defined by the shroud inlet 9 and extends to the limits of the
trailling edges 8 of the blades 3 such that no free outlet edges 10 of the blades 3 are

exposed.

In Figure 3, the base plate 6° has a smaller diameter than the suction diameter

defined by the shroud inlet 9. As a result, two significant advantages are achieved.

By reducing the diameter of the base plate such that it is smaller than the impeller
Inlet/suction diameter defined by the inlet 9 of the shroud 7, it Is possible to form a closed
impeller using injection moulding of plastics material because the manufacturing tool can be
easlily withdrawn from the moulded impeller. Use of injection moulding significantly reduces
manufacturing costs and simplifies precision manufacturing and balancing of closed

Impellers formed of plastics material.

A further advantage is that the omission of the larger base plate, it is possible to

reduce the diffusion limit of a centrifugal pump incorporating the impeller because there is a

reduced distance between the impeller outlet and the volute and there iIs reduced friction

against the base plate.

In Figure 2, a conventional base plate 6 is shown with the depth d of the base plate

being greater than the width, w of the blades.

In Figure 4, the depth d of the base plate © Is less than the width w of the blades.

By providing a base plate having a base plate of reduced depth, it Is possible to

reduce the diffusion limit of a pump incorporating such an impeller.
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A person skilled In the art will appreciate that the Figures show preferred

embodiment and that carious modifications can be made.
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1. An impeller having a central hub carrying the leading edges of a plurality of blades,

each of uniform width, and extending to a base plate, wherein the depth of the base

plate Is less than a quarter of the width of each of said plurality of blades.

2. An impeller according to any one of the preceding claims wherein the central hub Is

frusto-conical with a non-linear taper.

3. An impeller according to claim 2 wherein the base plate is integral with the central

hub.

4. An impeller according to any one of the preceding claims wherein each of said

plurality of blades comprises at least one aperture extending across the width of the

blade.

5. An impeller according to claim 4 wherein each of said plurality of blades comprises a

plurality of apertures arranged in an arc or row extending along the respective blade

from an inlet end to an outlet end of the impeller.

6. An impeller according to any one of the preceding claims formed of injection moulded

plastics material.

/. A pump comprising an impeller according to any one of the preceding claims.

11
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