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A Blade For a Rotary Machine g % 3 g ?

Field of the invention

The present invention is concerned with a blade for a rotary machine, which in use undergoes driven
or driving rotation, and is particularly but not exclusively concerned with such blades when used in
air or gas driven applications such as a wind turbines, or air or gas driving or displacing applications
such as fans, compressars, and blowers, and in particular blades having improved flow

characteristics, for example reduced boundary layer separation, reduced turbulence, etc.

Background of the invention

Rotating blades are used in a large number of applications and in particular rotary machines as
described above, and in many of those applications it is desirable to improve the efficiency and/or
performance of the blade through various means. In one application aerofoil blades are utilised in
augmented wind turbine systems, for example comprising a shroud surrounding a set of aerofoil
blades such as to take advantage of the higher velocity profile. By improving the performance and/or
efficlency of such blades a greater power ouiput can be achieved andfor the turbines can be located
in a more diverse range of locations. It will also be appreciated that the invention can be used in

conventional wind turbine systems or other rotational blade applications or machines.

As a further example, blades of various size, shape and design are used in air displacers such as
fans, compressors, blower based applications, for example HVAC applications, refrigeration
applications, or any other applications requiring air or other fluid such as gas to be displaced. Such
blades may have a full or partial aerofoil section, or may define a simple paddie/vane style blade

design

It is therefore an object of the present inventian to provide a blade or set of blades for a rotary

machine having improved performance and/or efficiency.

Summary of the Invention

According to the present invention there is provided a blade having a plurality of dimples distributed
over an area of at least one surface of the blade which extends from at or adjacent a leading edge of

the blade at ieast partially towards a rear edge of the blade.

Preferably, the blade comprises an aerofoil blade.
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Preferably, the aerofoil comprises a low pressure or suction surface and an opposed high pressure
or pressure surface, and the dimples are distributed over at least an area of the low pressure
surface.

Preferably, the aerofoil is asymmetric.

Preferably, the leading edge is rounded and the trailing edge is sharp.

Preferably, the area of dimples extends along at least a major part of the length of the biade.

Preferably, the dimples are generally teardrop-shaped with a wider end facing towards the leading

edge of the blade.

Preferably, the dimples vary in distribution density.

Preferably, the dimples vary in depth.

Preferably, the dimples vary in cross section with depth.

Preferably, the plurality of dimples comprises dimples of different size.

Preferably, the trailing edge of the blade has a localised rearward or downstream extension.
Preferably, the localised rearward extension is at a free end of the blade.

Preferably, the blade is a wind turbine blade.

Preferably, dimples are also provided on the prassure surface of the blade.

As used herein, the term "dimple” is intended to mean a localised depression in a surface, and which

may vary in cross section with depth, and may be of any suitable shape and orientation.

Brief description of the drawings

Embodiments of the invention will now be described, by way of example, with reference to the

accompanying drawings, in which:

Figure 1 is a perspective view of an embodiment of aerofoil blade according to the invention, having

particular application in a wind turbine;
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Figure 2 is a schematic partial cross section through the blads of Figure 1;
Figure 3 is a partial top view of the bilade of Figure 1; and

Figure 4 is a perspective view of a modification of the aerofoil blade of Figure 1.

Detailed description of the drawings

Referring to Figures 1 to 3, an aerofoil blade for use with a wind turbine is illustrated, and comprises
an outwardly tapered blade 10 with a rounded leading edge 12, and a sharp or narrow trailing edge
14 and an outer free end or tip 16. It wili however be appreciated that the size, shape and profile of
the biade 10 may be varied as required, depending on the particular application with which the blade
10 is to be employad. A large number or array of dimples 18 are distributed over a lower pressure or
“suction” surface 20 of the blade 10, and as will be described in detail hereinatier, are atranged to
augment the flow of air around the blade 10 in order to improve the performance and/or sfficiency of

the blade 10.

in this particular embodiment the dimples 18 extend fully from the leading edge 12 of the blade to the
trailing edge 14 and from the root to the tip of the blade 10, i.e. they cover substantially the entire
suction surface 20. In general, however, the dimpled area of the upper or suction surface 12 may
extend rearwardly from immediately adjacent to the leading edge 12 of the blade 10 only partially to
the trailing edge 14, preferably at least one quarter the way o the trailing edge. In addition the
dimples may not extend all the way to the root or the tip, and further afternatively the suction surface

12 may have one or more regions devoid of dimples.

Also, the dimpled area does not necessarily need to extend along the full length of the leading edge
12 of the blade 10, although it preferably extends along at least a major part of the length of the
leading edge.

In this embodiment the dimples 18 are generally concave teardrop-shaped depressions aligned with
their wider ends facing upstream towards the leading edge 12 of the blade, as shown in Figure 3,
and the narrow or tapered ends facing downstream towards the trailing edge 14. The dimples 18 are
preferably closely spaced, but their distribution density may vary over the dimpled area. The dimples
may also vary in depth, and may vary in cross section with depth. It will also be appreciated that the
dimples 18 may be of any other suitable shape or size in order to generate a desired augmentation
of the air flowing around the blade 10. In addition dimples 18 of different size, shape and/or depth

may be used on the same blade 10.
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The dimples 18 can be created directly in the upper or suction surface 20 of the blade, or by using

blade protection tape 22 (Figure 2) or any other suitable carrier {not shown) which is embossed with
the teardrop or other shaped dimples 18 and applied to the upper surface 20. This allows the array
of dimples 18 to be quickly and easily retrofitted to an existing blade.

In the embodiment shown in Figures 1 to 3 the fength of the blade 10 was 2.45m with an average
chord of 300mm. The dimples are 15mm long by 9mm wide at their widest part, with a maximum
depth of 0.33mm. These particular dimensions are suited to wind turbine blades, and may of course
be varied to suit the intended application. For example in HYAC or refrigeration applications, the
blade 10 may be employed with refrigeration fans, blowers and/or compressors (not shown) and will
therefore be dimensioned accordingly, with the profile of the blade 10 being altered to suit the

velocity profile of the gas being displaced.

The above turbine blade design serves to accelerate airflow, increase lift, reduce the wake created
and/or increase the air displaced by the blade 10. The dimples 18 serve to create a micro-turbulent
layer across the blade 10 which in turn causes the wind-force acting on the blade to be greater. The
dimples delay boundary layer separation thereby reducing the wake of the blade 10, The dimples 18,
when in an inverted teardrop shape, may also act as mini-augmenters and give the air direction. The
depth, size, shape and distribution density of the dimples 18 may vary with blade characteristics or

other system parameters.

In a modification of the above embodiment, Figure 4, the trailing edge 14 of the blade 10 has a
localised rearward or downstream paddie-like extension 24, preferably at its free end or tip 16. The
extended paddle-like tip 24 of the blade 10 serves to increase the surface area. However the
dimples 18 can still work effectively on a conventional aerofoil blade which does not have the

projection, i.e. as shown in Figure 1.

If desired, similar dimpies may be provided on the “high pressure” surface of the blade {(not shown),

again extending rearwardly from the leading edge.
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Claims

A hlade having a plurality of dimples distributed over an area of at least one surface of the
blade which extends from at or adjacent a leading edge of the blade at least partially towards
a rear edge of the blade.

A blade according to claim 1 comprising an aercofoil blade.

A blade as claimed in claim 1 or 2 comprising a low pressure or suction surface and an
opposed high pressure or pressure surface, and the dimples are distributed over at least an
area of the low pressure surface.

A wind turbine comprising at least one blade according to any of claims 1 to 3.

An air displacement system comprising at least one blade according to any of claims 1 to 3.
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