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DESCRIPTION

[0001] The present invention relates to a vortex generator.

[0002] In particular the invention is concerned with a vortex generator for mixing of fluids, a
fluid working apparatus comprising a vortex generator, and a fluid working system comprising
a fluid working apparatus.

Background

[0003] Effective mixing of different fluids is a requirement in different industries, for different
reasons.

[0004] For example, mixing of air and water (a process referred to as "aeration") in a
wastewater treatment aids effectiveness of the treatment process. Also mixing of fuel and air
for enhanced combustion and effective mixing of materials in industrial process and chemical
engineering are also of clear importance.

[0005] In addition, where applicable, energy recovery from mixing processes helps to offset
the cost of running the mixing apparatus. For example, there has been a notable increase in
popularity of recovering energy from the natural fall of sewage water in urban sewer systems
and outfalls of wastewater treatment plants. For example, JP 2010174678 A relates to a
hydraulic energy recovery device. Also there is great interest in the development of micro-
hydropower generation at low-head sites due to their natural abundance.

[0006] However, one of the primary barriers to exploitation of these low-head hydropower sites
is that conventional hydropower technologies cannot efficiently harness power from these fluid
sources.

[0007] Hence an apparatus which may process fluid to achieve enhanced mixing, or be
worked on by fluid to recover energy from a system with a high efficiency, or both, is highly
desirable.

Summary

[0008] According to the present invention there is provided an apparatus as set forth in the
appended claims. Other features of the invention will be apparent from the dependent claims,
and the description which follows.

[0009] Accordingly there is provided a vortex generator apparatus comprising: a fluid intake
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duct, and a fluid tank comprising: a first fluid inlet port, a second fluid inlet port, and a fluid
outlet port. A turbine is provided outside of the fluid tank in fluid communication with the fluid
outlet port.

[0010] The fluid tank may define a substantially cylindrical swirl chamber, centred on a fluid
rotational axis; the second fluid inlet port, fluid outlet port and turbine also being centred on the
fluid rotational axis.

[0011] The second fluid inlet port and the fluid outlet port may be centred on the fluid rotational
axis at opposite sides of the fluid tank. The fluid outlet port may be spaced between the second
fluid inlet port and the turbine.

[0012] A fluid outlet duct is in fluid communication with the fluid outlet port.
[0013] The turbine is located within the fluid outlet duct.
[0014] The fluid outlet duct has a divergent wall section around the turbine.

[0015] The fluid outlet duct may further comprise, in series with the divergent wall section: a
parallel wall section; and a convergent wall section terminating at a duct exit.

[0016] The fluid intake duct may be : in fluid communication with the first fluid intake port;
provided substantially on a tangent to a side wall of the fluid tank; and aligned to deliver fluid to
an internal surface of the fluid side wall to thereby induce swirl about the fluid rotational axis.

[0017] A shaft may extend from the turbine.

[0018] The shaft may extend from the turbine, through the fluid outlet port, through the fluid
tank, and through the second fluid inlet port.

[0019] The fluid outlet port may comprise an extended mouth which extends towards an inlet
of the turbine.

[0020] The extended mouth may comprise an outlet having a diameter which is smaller than
the diameter of the turbine inlet.

[0021] A vent hole may be provided in the wall of the duct. The vent hole may be downstream
of the extended mouth outlet and may be upstream of the turbine inlet. There may also be
provided a fluid working apparatus comprising a vortex generator as according to the present
invention.

[0022] The fluid working apparatus may further comprise : a fluid delivery apparatus in flow
communication with the fluid intake duct; the fluid delivery apparatus comprising a fluid pump.
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[0023] There may also be provided a fluid working system comprising a fluid working
apparatus according to the present invention. The system may further comprise : a first fluid
reservoir; the fluid pump being in fluid communication with the first fluid reservoir to thereby
extract fluid from the fluid reservoir; a second fluid source; and the second fluid inlet port being
in fluid communication with the second fluid source.

[0024] The swirl chamber outlet duct exit may be submerged beneath the surface of the first
fluid in the first fluid reservoir to thereby deliver a mix of the first fluid and second fluid to the
first fluid reservoir.

[0025] The fluid working system may further comprise a support structure which maintains the
swirl chamber above the level of the surface of the fluid in the first fluid reservoir.

[0026] Hence there is provided an apparatus configured for the mixing of fluid and/or also
which may provide a core of an energy recovery system.

Brief Description of the Drawings

[0027] Examples of the present invention will now be described with reference to the
accompanying drawings, in which:

Figure 1 shows a sectional view of a vortex generator according to the present invention;
Figure 2 shows a sectional view along line B-B shown in Figure 1;

Figure 3 shows a sectional view along line C-C shown in Figure 2;

Figure 4 shows a sectional view D-D shown in Figure 1;

Figure 5 shows a view E-E shown in Figure 4;

Figure 6 shows an example of a fluid working system including the vortex generator of the
present invention;

Figure 7 shows a further example of a fluid working system including a vortex generator of the
present invention;

Figure 8 shows a plan view of the system shown in Figure 7;

Figure 9 shows an alternative example of a part of a fluid working system including the vortex
generator of the present invention;

Figure 10 shows a further alternative example of a part of a fluid working system including the
vortex generator of the present invention;

Figures 11 to 15 show sections of alternative examples of swirl housings which form part of a
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vortex generator of the present invention;

Figures 16 to 19 show further examples of fluid working systems including vortex generators of
the present invention; and

Figures 20, 21 show a further example of a vortex generator.

Detailed Description

[0028] Figures 1 to 5 show different sectional views of a vortex generator 10 according to the
present invention. Figure 6 shows the vortex generator 10 as part of a fluid working apparatus
12, which is in turn part of a fluid working system 14, according to the present invention. In the
context of the present invention, a "fluid working apparatus" and "fluid working system" are
assemblies and/or arrangements in which work is done on a fluid by a part of the apparatus or
system, and/or in which fluid works on a part of the apparatus or system. Put another way, a
"fluid working apparatus” and "fluid working system" are assemblies and/or arrangements in
which energy (for example potential energy or kinetic energy) may be extracted from a fluid,
and/or in which fluid is processed by the apparatus or system.

[0029] The vortex generator apparatus 10 comprises a fluid intake duct 16 which comprises an
intake/inlet 18. The fluid intake duct 16 is coupled to, or is integral with, a swirl housing 20. The
fluid intake duct 16 may comprise a control valve operable to regulate the flow of fluid through
the fluid intake duct 16. The swirl housing 20 comprises a fluid tank 22 and a first fluid inlet port
24 which defines where the fluid intake duct 16 ends and the fluid tank 22 begins. That is to
say, the fluid tank 22 provides the essential geometry of the swirl housing 20, which may be
provided as a substantially cylindrical swirl chamber. Put another way, the fluid tank 22 is a
housing which is configured to induce swirl in fluid passing through the fluid tank.

[0030] The fluid tank 22 may comprise walls which define an enclosed volume. In some
examples the fluid tank 22 may be sealed so that it may be pressurised. In other examples the
tank may have an opening to atmosphere, such that fluid in the tank may have a free surface.

[0031] The swirl housing 20 further comprises a second fluid inlet port 26 and a fluid outlet port
28. The fluid inlet port 26 may comprise a control valve operable to regulate the flow of fluid
through the inlet port 26.

[0032] The vortex generator 10 further comprises a turbine 30, where the turbine 30 is
provided outside of the fluid tank 22. Vanes 29 may be provided in the fluid outlet port 28. The
vanes 29 may be configured to direct fluid onto the turbine 30, and to induce swirl in the
chamber 22. The vanes 29 may be static vanes (i.e. immovable, fixed) or variable (i.e. their
angle relative to the walls of the outlet 28 and/or the turbine is adjustable). The turbine 30 may
comprise one or more turbine blades 31. The turbine 30 is provided in fluid communication
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with the fluid outlet port 28. The turbine 30 may be provided immediately downstream of the
fluid outlet port 28.

[0033] The fluid tank 22 (and hence the swirl chamber 20) defines a fluid rotational axis 32.
That is to say, the fluid tank 22 defines a substantially cylindrical swirl chamber 20 centred on a
fluid rotational axis 32. The second fluid inlet port 26, the fluid outlet port 28 and the turbine 30
are centred on the fluid rotational axis 32. That is to say, the second fluid inlet port 26, the fluid
outlet port 28 and the turbine 30 are concentric and coaxial with the fluid rotational axis 32.

[0034] The fluid intake duct 16 is in fluid communication with the first fluid inlet port 24, where
the fluid intake duct 16 is provided substantially on a tangent to a sidewall of the fluid tank 22,
the fluid intake duct 16 being aligned to deliver fluid to an internal surface 33 of the fluid tank
22 sidewall to thereby induce swirl and circulation about the fluid rotational axis 32.

[0035] Hence the shape of the internal surface 33 and inlet duct 16 of the fluid tank 22 defines
the path of fluid passing through the tank 22, the surface being configured to promote the
generation of a vortex about the fluid rotational axis 32.

[0036] The second fluid inlet port 26 and the fluid outlet port 28 are centred on the fluid
rotational axis 32 at opposite ends of the fluid tank 22, the fluid outlet port 28 being spaced
between the second fluid inlet port 26 and the turbine 30.

[0037] A fluid outlet duct 34 is provided in fluid communication with the fluid outlet port 28. The
turbine 30 is located within the fluid outlet duct 34. The outlet duct 34 may extend beyond the
end of the turbine 30, so that the turbine 30 is enclosed completely within the outlet duct 34.
That is to say, the outlet duct 34 may bound the turbine 30. The duct 34 has an outlet 39.

[0038] A shroud may be provided around the turbine blades 31. That is to say, a casing may
be provided around the rotatable blade or blades 31 of the turbine, with a small clearance
provided between the shrouded blades and the casing/duct 34. In such an example the shroud
sits in the duct 34, and may thus locate the turbine 30 in the duct.

[0039] The outlet duct 34 extends away from the fluid outlet port 28, with a divergent wall
section such that the duct outlet 39 is larger than the fluid outlet port 28. The turbine 30 is
located within the divergent wall section of the outlet duct 34. That is to say, the outlet duct 34
may be frusto-conical. Put another way, the fluid outlet duct 34 has a divergent wall section
around the turbine 30.

[0040] The outlet duct 34 may also extend to comprise a parallel wall section 36 which extends
away from the divergent/frusto-conical section 34. The outlet duct 34 may further comprise a
convergent wall section 38 which extends "downstream" from the parallel wall section 36,
getting narrower towards the duct exit 39. Hence the divergent section 34, parallel wall section
36 and convergent wall section 38 may be provided in series, as shown in Figure 6.
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[0041] In use, the duct exit 39 may be located beneath the surface of a fluid reservoir, for
example a reservoir of the first fluid. Such an arrangement enables mixing and, as appropriate,
aeration.

[0042] In other examples, for example power generation, the duct exit 39 may exhaust into a
free space, spaced apart from a source of the first fluid, for example above a reservoir of first
fluid.

[0043] In other examples the duct exit 39 may deliver the mixed fluid to a tank or chamber or
reactor for further processing.

[0044] The internal surface 33 of the outlet duct 34, and duct sections 36, 38, may further
comprise helical vanes to direct mixed first and second flows along the duct sections.

[0045] A shaft 40 extends from the turbine 30. The shaft 40 supports and carries the impeller
30.

[0046] The shaft 40 extends from the turbine 30 through the fluid outlet port 28, through the
fluid tank 22 and through the second fluid inlet port 26. A generator 44 may be coupled to the
end of the shaft 40. In other examples, the shaft 40 may be coupled to a gearing system for
transmission to a generator 44 in a different location. Alternatively the power offtake shaft 40
may be coupled to a pump or other energy recovery means which can utilise the rotational
output of the shaft 40 in operation. Hence the shaft 40 may, in some examples, be "power off
take" shaft.

[0047] The generator 44 may be operable to work in reverse to convert electrical energy to
mechanical energy and impart rotation from the turbine impellers 31 to the fluid for mixing.

[0048] Alternatively the shaft 40 may be coupled only to the turbine 30, and mounted on a
bearing to allow the turbine 30 to spin freely. In another example, a brake or clutch may be
provided to provide a braking load on the shaft 40 or turbine 30, limiting the freedom of the
turbine 30 to rotate, and thereby artificially reducing the maximum rotational spin of the turbine
30. Alternatively the turbine 30may be rotatably mounted by any suitable means.

[0049] The second fluid inlet port 26 may comprise a housing 46 provided on top of the fluid
tank 22, with the generator 44, or other energy recovery means, being mounted to the top of
the housing 46.

[0050] Since the vortex generator has a number of applications, its mode of operation may
vary.

[0051] The vortex generator may be employed in flow communication with a first fluid source
and a second fluid source. The first fluid source may be a source of liquid, where the source is
a free flowing (for example from a river, or down a duct from an elevated reservoir) or pumped
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under pressure source (for example from a pressurised or pumped source). The first fluid may
also be a gas, delivered from a pressurised or pumped source. The second fluid source may
be the local atmosphere/environment, drawing in gaseous air under the action of the first fluid,
or a liquid held in a reservoir drawn into the fluid tank by the action of the first fluid, or gas or
liquid from a pressurised or pumped source delivered into the fluid/swirl tank independent of
the flow characteristics of the first fluid. The first fluid may be denser than the second fluid.

[0052] Hence, in operation in a first example, a first fluid 50, provided as a free flowing or
pumped liquid, is delivered to the fluid intake duct 16, and travels through the fluid intake duct
16 into the fluid tank 22 where it passes to the fluid outlet port 28. When the first fluid 50
reaches a sufficiently high level (for example as illustrated in Figures 1, 2) the fluid will swirl
around the rotational axis 32 in the fluid tank 22. Hence a swirl is induced by the momentum of
the first fluid 50 as the first fluid 50 passes through the fluid intake duct 16 into the fluid tank 22
and around the internal surface 33 of the fluid tank 22. At the same time a second fluid 52 (for
example a gas, and in particular air) is drawn into the second fluid inlet port 26 from a second
fluid source (e.g. the surrounding environment). The second fluid 52 is drawn in by the act of
the first fluid 50 passing through the fluid outlet duct 28. When the first fluid 50 level reaches a
predetermined height in the intake duct 16 and fluid tank 22, the swirl in the fluid tank 22 and
interaction with the second fluid 52 generates a vortex (indicated generally as "54" in Figure 1
and Figure 2). The vortex 54 is manifested as a high velocity rotating/swirling jet of the first
fluid 50 around a core, void, or column of second fluid 52 which extends from the second fluid
inlet port 26 to the fluid outlet port 28.

[0053] If the rate of flow of the first fluid 50 into the tank 22 is too high, therefore filling the fluid
tank 22 faster than it can empty through the outlet port 28, then the first fluid level rises to cut
off the second fluid inlet port 26. At this point the vortex 54 will collapse, choking the flow into
the fluid tank 22 until sufficient fluid has drained through the outlet port 28 for the vortex to re-
establish. In this way, the maximum flow rate through the vortex generator 10 is self-limiting.

[0054] In a second example the first fluid 50 may be a liquid from a pressurised or pumped
source (for example a fuel supply) and the second fluid 52 may be a gas from a pressurised or
pumped source (for example air). A valve or other flow regulation device may be provided to
control the supply of first fluid 50. Likewise a valve or other flow regulation device may be
provided to control the supply of second fluid 52. In such, the mode of operation is similar to
the first example other than the airflow can be more carefully regulated to maintain an air-fuel
ratio and to help to maintain the core/void of the vortex.

[0055] In both examples, when the vortex 54 is formed and rotating about the fluid rotational
axis 32, the first fluid 50 and second fluid 52 exit the fluid outlet 28. The swirl of the first fluid 50
departing from the vortex 54 imparts rotational motion to the turbine 30 as the flow passes the
turbine blades 31. The first fluid 50 is mixed with the second fluid 52 by the blades 31.

[0056] In the case of a liquid and a gas, this results in bubbles of gas being formed in the first
fluid 50 (liquid). The blades 31 and gas may act to atomise the liquid, generating a spray. The
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first fluid 50, already in a fully turbulent state, hits the turbine blades 31 and entrains the
second fluid 52 (gas) central core/void, and impeller impact and flow shearing results in the
first and second fluid 52 becoming mixed as they leave the duct 34.

[0057] In examples where the duct 34 may be configured to ensure that overall fluid velocity in
the duct 34 is greater than or equal to the terminal rising velocity of the largest gas bubble to
ensure the bubbles are transported out of the duct exit 39, rather than floating back toward the
turbine 30.

[0058] In the case of first fluid 50 and second fluid 52 both being liquids, the flow of separate
liquids may be interrupted by the turbine 30 which will promote mixing of the two liquids.

[0059] The mix of fluids 50, 52 then passes through the duct 34, 36 to exit the outlet duct 34.

[0060] In examples in which the shaft 40 is present, and since the turbine 30 is fixed to the
shaft 40, rotation of the turbine 30 results in rotation of the shaft 40. Hence in examples where
present the rotating shaft 40 is operable to turn the energy recovery means (e.g. generator 44)
due to the vortex 54 generated in the fluid tank 22.

[0061] Hence the impeller blades 31 provide rotation of the shaft 40 to enable power
generation or operation of another device (e.g. a pump for a different system), but also provide
mixing of the first fluid 50 and second fluid 52.

[0062] Thus the fluid intake duct 16, fluid tank 22 and turbine 30 may form the basis of a fluid
mixing device which mixes the fluids 50, 52.

[0063] Also the fluid intake duct 16, fluid tank 22 and turbine 30 may also form the basis of an
energy recovery or power generation apparatus if an energy recovery device (e.g. generator)
44 is provided upon a shaft coupled to the rotatable turbine 30.

[0064] The location of the turbine 30 relative to where the vortex 54 is formed provides a key
advantage of the apparatus of the present invention. Flow inside the fluid tank 22 is in a
subcritical state. As it passes through the fluid outlet 28 it transitions to a supercritical state.
Disturbances downstream of the fluid outlet 28, for example induced by the turbine 30, cannot
travel from the supercritical region back to the (upstream) subcritical region. Thus disturbances
to the flow at the turbine 30 cannot affect the vortex 54, thus maximising energy transfer from
the vortex 54 flow to the turbine 30.

[0065] Additionally the divergent duct 34 promotes the conversion of the subcritical vortex flow
of the first fluid 50 leaving the swirl chamber 20 into a supercritical turbulent annular jet flow for
optimally turning the turbine 30, which is beneficial for energy generation/recovery, energy
dissipation and/or fluid mixing.

[0066] One example of how the vortex generator 10 of the present invention may be used is
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shown in Figure 6. Figure 6 shows the fluid working apparatus 12 comprising the vortex
generator 10 as previously described. It is termed a fluid working apparatus because the main
function of this device is to work the fluids being passed through the vortex generator, with an
additional benefit of generating electricity or otherwise recovering energy from the system. The
fluid working apparatus 12 comprises a fluid delivery apparatus 70 in flow communication with
the fluid intake duct 16. The fluid delivery apparatus 70 in this example comprises a fluid pump
72. In operation the fluid pump 72 will draw fluid from a fluid source, through a duct 74 and
deliver it to the fluid intake duct 16. After this the operation of the vortex generator 10 is as
described above.

[0067] Figure 6 shows the fluid working apparatus 12 in the context of a fluid working system
14. The fluid working system 14 comprises a first fluid reservoir 80, for example a source of
saline water or waste water, the fluid pump 72 being in fluid communication with the first fluid
reservoir 80 via the intake duct 74 to thereby extract fluid from the fluid reservoir 80. The fluid
working system 14 further comprises a second fluid source 82, which in this example is the
surrounding atmosphere, and the second fluid inlet port 26 being provided in fluid
communication with the second fluid source 82.

[0068] The swirl chamber outlet duct exit 39 is submerged beneath the surface of the first fluid
50 in the first fluid reservoir 80 to thereby deliver the mix of first fluid 50 and second fluid 52 to
the first fluid reservoir 80. Hence as can be seen the mix of fluid 50 and air 52 formed into a
vortex 54 and then worked by the turbine 30 provides an aerated fluid which exits the duct 34.
Put another way, the act of collapsing the vortex of fluid 80 and fluid 82 on the turbine 30
creates bubbles which are pumped by the action of the turbine 30 through the duct 34 and into
the fluid reservoir 80, promoting desired processes in the fluid reservoir 80.

[0069] The fluid working system 14 may further comprise a support structure 86, for example a
pontoon, which maintains the swirl chamber/tank 22 above the level of the surface of the fluid
in the first fluid reservoir 80.

[0070] Figures 7, 8 show an example of the fluid working system 14 comprising the fluid
apparatus 12 provided with a distribution manifold 90 located at the exit of the bubble column.
Figures 7, 8 show a side and plan view respectively of the modified system 14. Features of the
system 14 (e.g. the fluid delivery apparatus 70) are omitted from Figure 8 for clarity.

[0071] The distribution manifold 90 is in fluid communication with the outlet duct exit 39 at a
flow coupling 92. In this example the distribution manifold 90 comprises a spine 94 which leads
away from the coupling 92. Arms 96 extend away from the spine 94. The spine 94 and arms
96 are hollow and provide a flow passage for fluid and bubbles passed along the duct 34.
Apertures 98 (not shown) may be provided along the spine 94 and arms 96 to distribute the
fluid and bubbles within the first fluid reservoir 80. Fluid outlets 100 may also be provided at
the ends of the arms 96.

[0072] Figures 9, 10 show further examples of the fluid apparatus 12. In these examples a flow
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control tube is provided in fluid communication with the outlet duct exit 39. Figure 9 shows an
"L" shaped flow control tube 110 with a single outlet 112. Figure 10 shows an "T" shaped flow
control tube 114 with a pair of outlets 116. In alternative examples a flow control tube may be
provided with three or more outlets. The outlets may be arranged to direct the flow away from
the outlet duct exit 39 in the same and/or different directions.

[0073] The manifold 90 and flow control tubes 110, 114 provide flexibility in maximising
distribution of mixed fluids and/or controlling the general flow direction and distribution of mixed
fluids in the receiving fluid.

[0074] In an example where the fluids being mixed are a liquid and gas (e.g. water and air),
the manifold 90 and flow control tubes 110, 114 provide flexibility in maximising gas (e.g.
oxygen) transfer efficiency and/or controlling the general flow direction and distribution of
mixed fluids in the receiving fluid.

[0075] Figures 11 to 15 illustrate examples of different inlet configurations. Figure 11 is the
same as shown in Figure 3, provided for ease of reference to the examples shown in Figures
12 to 15. In all examples the intake duct 16 comprises a portion which is at a tangent to the
swirl housing 20, thereby providing a flow duct which extends upstream of the housing inlet
port 24.

[0076] In Figure 12 an intake duct 216 is provided which comprises a first straight portion 218
which is aligned with a radial direction of the housing 22, and a curved portion 220 which
follows the curvature of the outer wall of the housing 22 for about 25% of the circumference of
the outer wall before terminating at the inlet port 24.

[0077] Figure 13 shows an example similar to that of Figures 3, 11, with additional guide vanes
129 provided around, and spaced apart from, the periphery of outlet port 28. Hence in this
example guide vanes 29 may be provided nested within (i.e. radially inward of) the additional
guide vanes 129.

[0078] Figure 14 shows a further example, similar to that of Figures 3, 11, in which a curved
guide vane / wall 140 is provided which extends from the inlet port 24 radially inwards of, and
spaced apart from, the wall of the housing 22, to extend about half of the circumference of the
chamber 22. This provides a flow channel 142 between the wall 140 and housing 22 to
promote swirl around the wall of the housing 22.

[0079] Figure 15 shows a further example in which two intake ducts 16 are provided
tangentially to the primary vortex chamber 22, both being in fluid communication with the first
fluid source. In alternative examples, three or more intake ducts 16 may be provided, each in
fluid communication with the first fluid source.

[0080] In the preceding examples, the fluid working apparatus and fluid working system
comprise a single vortex generator 10. However, in both hydroelectric and treatment/mixing
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applications, a number of vortex generators may also be arranged in parallel or serial
configuration for the purpose which may provide advantages of accumulated power generation
or aeration treatment. Hence, the fluid working apparatus and fluid working system may
comprise two or more vortex generators 10.

[0081] For example, as shown in Figure 16, two vortex generators 10, 10" may be provided "in
parallel". That is to say, they each have an intake duct 16, 16' fed from the same first fluid
source, and exhaust to respective fluid outlet ducts 34.

[0082] Alternatively, as shown in Figure 17, two vortex generators 10, 10' may be provided "in
series". That is to say, they each have an intake duct 16, 16'. However only the inlet 16 the first
vortex generator 10 is in direct fluid communication with the first fluid source. The outlet duct
34 of the first vortex generator 10 is in fluid communication with the inlet duct 16' of the second
vortex generator 10"

[0083] In a further example, shown in Figure 18, several pairs of vortex generators 10, 10',
with their respective intake ducts 16, 16" are in in fluid communication with the first fluid source
via a hub /duct 150. Ducts 152 lead from the hub 150 to the inlets 16, 16'. As shown, the pairs
or vortex generators 10, 10' may be provided opposite one another across the hub 150.

[0084] In a further example, shown in Figure 19, several pairs of vortex generators 10, 10', are
arranged in series, in a system akin to that of Figure 17. That is to say, a first pair of vortex
generators 10a, 10a' each have an intake duct 16a, 16a’ in direct fluid communication with the
first fluid source. The outlets 34 of the first pair of vortex generators 10a, 10a' feed the inlets
16b, 16b' of the second pair of vortex generators 10b, 10b". The outlets 34 of the second pair
of vortex generators 10b, 10b' feed the inlets 16c, 16¢' of the third pair of vortex generators
10c, 10c'. The outlets 34 of the third pair of vortex generators 10c, 10c' feed the inlets 16d,
16d' of the fourth pair of vortex generators 10d, 10d'.

[0085] A vortex generator of the present invention may be applied to a number of applications
for example : Fluid Treatment (Aeration and mixing) for wastewater treatment plants, domestic
wastewater treatment systems, aquaculture and aquariums; food processing, mining, chemical
mixing, fuel injection, industrial agitation, homogenisation processes; storm and wastewater grit
separation, hydropower generation whether domestic or industrial scales, hydropower
recovery from wastewater, sewer systems, water treatment plants, processed industrial water
and desalination plants (e.g. salt water concentrate discharge).

[0086] Hence there is provided an apparatus configured for the mixing of fluid and/or also
which may provide a core of an energy recovery system.

[0087] Recovered energy may be utilised in a number of ways including (a) to offset total
energy costs in a treatment system which comprises apparatus of the present invention; (b)
fed directly to powered part of the system, for example the fluid pump 72, to thereby offset
power usage; and/or (c) stored in a battery bank. Local energy storage may permit a reverse
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use of the system by converting electrical energy to mechanical energy by operating the
generator 44 in reverse in order to provide mixing using the turbine impeller 31 (for example, in
aeration system example of Figure 6, between aeration cycles.)

[0088] The vortex generator, which may also be termed an "annular jet turbine" as, to operate,
it must comprise a turbine, thus provides a high efficiency low-head (low pressure) hydropower
turbine which operates on the basis of dual phase flow (i.e. two separate fluids are permitted in
the turbine chambers).

[0089] The annular jet turbine is configured to operate in response to low-head (low pressure)
locations for hydropower generation. It also may be used to provide an effective aeration
device which offsets power use by using an energy recovery system.

[0090] Hence the annular jet turbine provides a low-head (or low pressure) impulse turbine in
whereby the kinetic energy is extracted with no subsequent change in the fluid pressure at the
turbine blades 31. As a result, the hydraulic efficiency of the turbine 30 is greater than that of
conventional low-head hydropower technologies.

[0091] In a further example, shown in Figures 20, 21, the fluid outlet port 28 comprises an
extended mouth 280. According to this example, the fluid outlet port 28 is alternatively referred
to as a protruding fluid outlet port 28.

[0092] The extended mouth 280 is defined by a wall 283 which extends from the swirl housing
20 around the edge of the fluid outlet port 28 and part of the way into the cavity/volume defined
by the duct 34. The extended mouth 280 thus comprises an inlet 282 and a flow passage 286
which extends to, and terminates at, an outlet 284. That is to say, the inlet 282 defines an inlet
opening through which fluid from the fluid tank 22 may enter the flow passage 286. The flow
passage 286 extends into the fluid outlet duct 34 and towards a turbine inlet 285 of the turbine
30. Put another way, the extended mouth outlet 284 defines an outlet opening 284 configured
to discharge fluid from the flow passage 286 into the fluid outlet duct 34 and onto the turbine
30.

[0093] The outlet 284 may have a diameter which is smaller than the rotational diameter of the
turbine 30. That is to say the outlet 284 may have a diameter which is smaller than the
diameter defined by tips of rotatable blades of the turbine at turbine inlet 285. The turbine may
vary/alter in diameter along its rotational axis. For example the diameter of the turbine outlet
287 may be greater than the diameter of turbine inlet 285, the turbine inlet diameter being the
diameter of the upstream face of the turbine 30 facing the extended mouth outlet 284. In either
example, the extended mouth 280, having a smaller diameter than the turbine inlet 285, is
thereby operable to restrict the formation of a fluid jet extending from the tank 22 to the turbine
30 to have a diameter which is smaller than the diameter of the turbine inlet 285. Thus the
extended mouth 280 defines a funnel or nozzle (i.e. a fluid jet defining channel). According to
the present example, the extended mouth 280 is coaxial with the turbine 30 and with the fluid
rotational axis 32. The resultant fluid annular jet will therefore be incident centrally on the
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turbine 30.

[0094] The fluid outlet duct 34 may comprise a vent hole 341. According to the present
example, the vent hole 341 is located between the turbine inlet 285 and the wall 283 which
defines the extended mouth 280. That is to say, the vent hole 341 is provided in the wall of the
duct 34 downstream of the extended mouth outlet 284 and upstream of the turbine inlet 285.
The vent hole 341 is configured to enable fluid exchange between the space/volume enclosed
by the fluid outlet duct 34 and the environment surrounding the outside of the fluid outlet duct
34. In particular, the vent hole 341 is configured to allow a gas, such as air, to pass through the
vent hole in response to a pressure difference and/or change inside the duct. That is to say,
the vent hole 341 extends between the enclosed space within the fluid outlet duct 34 and the
exterior space surrounding the fluid outlet duct 34.

[0095] In operation, a fluid jet funnelled by means of the extended mouth 280 is passed onto
(i.e. delivered to) the turbine 30. The extended mouth 280 thus prevents, or at least reduces,
the portion of the fluid jet which passes in the clearance gap between the turbine impeller and
the outlet duct 34 extending around the turbine impeller. Thus "flow leakage" around the
turbine is reduced. Put another way, the provision of the extended mouth 280 directs flow onto
the central core of the turbine and away from the turbine outer radius, so the amount of fluid
bypassing the turbine 30 may be reduced. Consequently, the amount of fluid passing through
the turbine 30 may be maximised.

[0096] The turbine may be an unshrouded turbine.

[0097] In an alternative example the turbine may be provided as a shrouded turbine (i.e.
having a shroud which inhibits or prevents the passage of fluid to the clearance region. In such
an example the leakage may be further reduced, thereby increasing efficiency.

[0098] During operation of the vortex generator 10, the pressure in the fluid outlet duct 34 may
change. In particular, the pressure may drop below an ambient pressure, e.g. become
subatmospheric. In this case, fluid may be exchanged between the space enclosed by the
outlet duct 34 and the space surrounding the outlet duct 34 via the vent hole 341 to maintain
equalised pressure.

[0099] Hence the extended mouth 280 reduces flow leakage, thus increasing the amount of
fluid passing through the turbine. As a result, the energy exchange between fluid and turbine
30 is increased. Also, through reducing flow leakage the likelihood of blockage or damage to
the turbine may be reduced, as particles carried by the annular jet are less likely to be caught
between the turbine and outlet duct.

[0100] The vent hole 341 reduces a pressure differential between interior and exterior which
may be generated, thereby further increasing efficiency and reducing the potential for
cavitation.
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[0101] The extended mouth 280 may have any suitable shape. According to the present
example, the extended mouth 280 is substantially cylindrical, the wall 283 which defines it
extending linearly along the fluid rotational axis 32 and having a circular cross-section.
According to other examples, the extended mouth 280 may have different shapes including, for
example, a funnel having frusto-conical shape, wherein the flow passage 286 defined by the
extended mouth converges from the inlet 282 to the outlet 284. According to yet further
examples, the flow passage 286 diverges from the inlet 282 to the outlet 284.

[0102] A gap 288 may be formed between the fluid outlet duct 34 and the extended mouth 280
protruding into the fluid outlet duct 34. In other examples, the extended mouth 280 may be
joined to the fluid outlet duct 34 and no gap or a gap of reduced size is formed. In another
example, the wall 283 may extend from the fluid outlet duct 34 (e.g. be formed integrally with
each other) such that the wall of the fluid outlet duct 34 extends to form the wall 283 of the
extended mouth 280 with no gap in between.

[0103] The vent hole 341 may have any suitable size and shape. For example, the vent hole
may be a circular aperture or an elongated slot. There may be provided only one vent hole
341. In other examples there may be provided a plurality of vent holes 341. The plurality of
vent holes 341 may be equally spaced around the circumference of the duct wall in which they
are provided.

[0104] All of the features disclosed in this specification (including any accompanying claims,
abstract and drawings), and/or all of the steps of any method or process so disclosed, may be
combined in any combination, except combinations where at least some of such features
and/or steps are mutually exclusive.

[0105] Each feature disclosed in this specification (including any accompanying claims,
abstract and drawings) may be replaced by alternative features serving the same, equivalent
or similar purpose, unless expressly stated otherwise. Thus, unless expressly stated otherwise,
each feature disclosed is one example only of a generic series of equivalent or similar features.

[0106] The invention is not restricted to the details of the foregoing embodiment(s). The
invention extends to any novel one, or any novel combination, of the features disclosed in this
specification (including any accompanying claims, abstract and drawings), or to any novel one,
or any novel combination, of the steps of any method or process so disclosed.
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_1_
Patentkrav
1. Hvirvelgeneratorapparat (10) til Dblanding af fluida,
omfattende:

en fluidumindtagskanal (16)

en fluidumtank (22), der omfatter:

en forste fluidumindlegbsabning (24) i fluidummaessig forbindelse
med den fgrste fluidumindtagskanal (16)

en anden fluidumindlegbsabning (26) og

en fluidumudlgbsabning (28)

en turbine (30), der omfatter mindst én turbinevinge (31), idet
turbinen er tilvejebragt

uden for fluidumtanken (22)

i fluidummaessig forbindelse med fluidumudlebsabningen (28),
hvor hvirvelgeneratorapparatet (10) omfatter en
fluidumudlgbskanal (34) i fluidummassig forbindelse med
fluidumudlegbsabningen (28), og hvor turbinen (30) er placeret
inde 1 fluidumudlgbskanalen (34),

kendetegnet ved, at fluidumudlgbskanalen (34) har en
divergerende vagsektion omkring turbinens (30) mindst ene

turbinevinge (31).

2. Hvirvelgeneratorapparat (10) ifelge krav 1, hvor:
fluidumtanken (22) afgrenser et 1 det vasentlige cylindrisk
hvirvelkammer (20),

der er centreret pa et fluidumrotationsakse (32),

idet den anden fluidumindlegbsabning (26),

fluidumudlgbsabningen (28) og

turbinen (30)

ogsa er centreret pa fluidumrotationsaksen (32).

3. Hvirvelgeneratorapparat (10) ifelge krav 2, hvor:

den anden fluidumindlgbsabning (26) og

fluidumudlgbsabningen (28)

er centreret pad fluidumrotationsaksen (32) ved modsatte sider
af fluidumtanken (22), og

fluidumnudlgbsabningen (28) er anbragt mellem den anden

fluidumindlgbsabning (26) og turbinen (30).
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4, Hvirvelgeneratorapparat (10) ifglge et af de foregaende
krav, hvor:

fluidumudlgbskanalen (34) vydermere omfatter, i serie med den
divergerende wvagsektion:

en parallel vagsektion (36), og

en konvergerende vagsektion (38), der ender med en kanaludgang
(39) .

5. Hvirvelgeneratorapparat (10) ifwlge et hvilket som helst
af kravene 2 til 4, hvor:

fluidumindtagskanalen (14) er:

tilvejebragt i det vasentlige pad en tangent til en sideveg af
fluidumtanken (22), og

justeret til at afgive fluidum til en indre overflade af
fluidumsidevaeggen for derved at fremkalde hvirvel omkring

fluidummets rotationsakse (32).

6. Hvirvelgeneratorapparat (10) ifwlge et hvilket som helst
af de foregadende krav, hvor

en aksel (40) strakker sig fra turbinen (30).

7. Hvirvelgeneratorapparat (10) ifelge krav 6, hvor:
akslen strakker sig fra turbinen (30)

gennem fluidumudlegbsabningen (28),

gennem fluidumtanken (22) og

gennem den anden fluidumindlegbsabning (26).

8. Hvirvelgeneratorapparat (10) ifwlge et hvilket som helst
af kravene 2 til 7, hvor

fluidumudlgbsabningen (28) omfatter en udvidet munding (280),
der strazkker sig mod et indlgb (285) af turbinen (30), og

den udvidede munding (280) omfatter et udlob (284) med en

diameter, der er mindre end turbineindlegbets (285) diameter.

9. Hvirvelgeneratorapparat (10) ifelge krav 8, hvor
et udluftningshul (341) er tilvejebragt i kanalens (34) veag

nedstrems for det forlengede mundingsudlgb (284) og opstrems for
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turbineindlgbet (285).

10. Fluidumarbejdsapparat (12), der omfatter et
hvirvelgeneratorapparat ifelge et hvilket som helst af kravene
1 til 7.

11. Fluidumarbejdsapparat (12) ifelge krav 10, der ydermere
omfatter:

et fluidumafgivelsesapparat (70) 1 fluidummaessig forbindelse med
fluidumindtagskanalen (16),

idet fluidumafgivelsesapparatet (70) omfatter en fluidumpumpe
(72) .

12. Fluidumarbejdssystem (14), der omfatter et
fluidumarbejdsapparat ifelge krav 11, omfattende:

en fgrste fluidumopbevaringsbeholder (80),

idet fluidumpumpen er i fluidummaessig forbindelse med den forste
fluidumopbevaringsbeholder (80) for derved at udtage fluidum fra
fluidumopbevaringsbeholder (80)

en anden kilde til fluidum (82), og

den anden fluidumindlegbsabning (26) er 1 fluidummassig
forbindelse med den anden kilde til fluidum (82).

13. Fluidumarbejdssystem ifelge krav 12, hvor:
hvirvelkammerets udlegbskanaludgang (39) er nedsanket under
overfladen at det forste fluidum i den forste
fluidumopbevaringsbeholder (80)

for derved at afgive en blanding af det forste fluidum og det

andet fluidum til den feorste fluidumopbevaringsbeholder (80).

14. Fluidumarbejdssystem ifelge et hvilket som helst af kravene
12 og 13, der omfatter:

en barestruktur, der holder hvirvelkammeret (20) over niveauet
af fluidummets overflade 1 den feorste fluidumopbevaringsbeholder
(80) .
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FIG. 14
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FIG. 16
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