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Hydrodynamic Cycle Generation Technology

, Field of the Invention.

" The present invention relates to an energy generation apparatus. In particular, the

present invention relates to an. energy generation apparatus that utilises hydrostatic

pressure gradients in a body of fluid to generate energy.

‘Background Art. } ‘
Traditionally, the generation of power, such as electrical power, has been achieved

through the use of fossil fuels such as coal, natural gas and oil. However, in recent

~ times, due to the decreasing reserves of fossil fuels and the environmental impact of

their use in power generation, cleaner alternatives for the generation of power have

become more popular.

Despite the fact that they are considerably more environmentally-friendly, theée :
altemative.poWer generation teéhni.ques (solar, Wind, wave, geothermal etc) have
struggled to gain wi_despréad ‘acceptance due to their inefficiencies in generating
power, their high cdst to establish in comparison fo existing fossil fuel technology and

their lack of aesthetic appeal including health concerns (such as wind farms).

Therefore, there-would be an advantage if it were possible to provide apparatus for
power generation that efficiently generated power without having a detrimental impact

on the environment.

* It will be clearly understood that, if a prior art publication is referred to herein, this

reference does not constitute an admission that the publication forms .partlof the

common general knowled'g'e. in the art in Australia or in any other country.

Throughout this specification, the term “comprising” and its grammatical equivalents
shall be taken to have an inclusive meaning unless the context of use indicates

otherwise.
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Summary of the Invention.
It is an object of the present invention to provide an energy generation apparatus

which may overcome at least some of the abovementioned disadvantages, or provide a

useful or commercial choice.

In one aspect, the invention resides broadly: in an energy generation apparatus
comprising a storage vessel adapted to contain a first fluid, one or more evacuation
vessels, each of the one or more evacuation vessels being divided into a first portion
in ﬂuid commﬁnication with the storage vessel and a second porfion in ﬂui.d_

communication with a source of a second fluid, and energy generation means, wherein

 the flow of the first fluid from the storage vessel to the first portion of the evacuation

vessel results in the evacuation of the second fluid from the second portion of the
evacuation vessel such that the flow of the second fluid from the second portion of the -

evacuation vessel results in the actuation of the energy generation means.

Any suitable storage vessel may be used in the energy‘ generation apparatus.
Preferably, however, the storage vessel is a tank or similar vessel in which a fluid may
be retained. In some embodiments of the invention, a plurality of storage vessels may

be present.’

The storage vessel may be of any size, shape or conﬁguratiori. However, in a
pfeferred embodiment of the invention, the storage vessel is rélatively tall in order to
create a sufficient head of fluid in the storage vessel to ensure efficient operation of
the apparatus. In embodirhents' of the invention in which a pluralify of storagé vessels
are present, the storage vessels may be of the same héight as one another, or different
heights to one another. These vessels can be arranged or configured to communicate

to each other in various forms including vertically or horizontélly.

Preferably, the storage vessel is mounted to a support at a lower end thereof. Any

suitable support may be used. For instance, the storage vessel may be mounted to the -

.ground, a base (such as a concrete slab), foundations, a platfqrm or the like. In some

- embodiments of the invention, the storage vessel may be mounted to a portable

support, such as a transportable platform, vehicle, or fitted within a contained, crate or




10

.15

20

25

30

~ PCT/AU2011/000430

3

the like, so that the apparatus may be transported to different locations as required.

The storage vessel may be of any suitable cross-sectional shape. For instance, the

storage vessel may be circular, square, rectangular, oval or any other shape in cross-

~ section.

The first fluid may be any suitable fluid, such as, but not limited to water (including .

seawater, raw water, fresh water, recycled water etc), oil or mixture of oils or any
other suitable liquid. If the apparatus is to be used in colder climates, a fluid such as’
glycol (or any other suitable low freezing point fluid) may be used as the first fluid.

i
\

While it is envisaged that the fluid level in the storage vessel will be relatively stable

from cycle to cycle, it is possible that fluctuations in fluid level may occur due to a -

number of reasons including evaporatlon spillage, leakage or the like. Thus, in some
embodlments of the invention, means for replemshlng the fluid in the storage vessel
may be provided. Any.suitabl'e means may be used, such as maintaining a reservoir or

backup stock of the first fluid .in fluid communication with the storage vessel via a

tap, valve or the like Alternatlvely, a constant feed of fresh first fluid may be '

provided to the storage vessel in order to maintain a constant level of first fluid. In

other embodlments, additional first fluid may be added when requlred from barrels or. :

the like. -

As previously stated, the first portion of the one or more evacuation vessels is in fluid

communication with the storage vessel. The first fluid may pass from the storage

vessel to the first portion using any suitable technique. - For instance, the first fluid

may be fed under gravity to the first portion of the evacuation vessel. Alternatively,
the first fluid may be pumped, siphoned or the like between the evacuation vessel and

the storage vessel.

In embodiments of the invention in which multiple evacuatibn vessels are present, it is

‘envisaged that the storage vessel will be in fluid communication w1th each of the first

pOI‘thIlS of-.each of the evacuation vessels.
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In some embodiments, the apparatus may be i)rovided with an equalization chamber in
fluid communication with the storage vessel in which a portion of the first fluid ‘may

be stored It is envisaged that the fluid level in the equalization chamber will be

: substantially identical to that in the storage vessel. To achieve this, it is preferred that

the equalization chamber extends along at least a portion of the height of the storage
vessel. The equalization chamber may be positioned mtemally to the storage vessel or

externally to the storage vessel. In some embodiments of the invention, particularly

those in which multiple evacuation vessels are present, a plurality of equalization

chambers may be provided.

In some embodiments, at least one of the equalisation chambers may be provided with
an equalizing reservoir associated with an upper region thereof. The equalising
reserv01r may be of any suitable size, shape or conﬁguration and may be adapted to

retain any suitable volume of ﬂuld therein.

Preferably, the equalising reservoir is in fluid communication with both the

equalisation chamber and the storage'vessel.v

- It s env1saged that in some embodrment of the invention, a plurality of equalisation

chambers may edch be prov1ded with an equalizmg reservoir. Altematively, a smgle
equalizing reservoir may be associated with a plurality of equahsatlon chambers In
other embodiments, each of the equalisation chambers may be provnded with its own

equalising reservoir.

Preferably, the equalising reservoir is provided with one or more moveable barriers
therein. Any suitable moving barrier may be used, although in some embodiments of
the invention, the moveable barrier may be a piston. Movement of the piston may be .

achieved usirig any suitable technique,_ such as gravity, fluid pressure, mechanical,

- hydraulic or pneumatic means, or any combination thereof. The purpose of thé

mo_veable barrier is to return fluid to the storage vessel, as well as to provide an
equalising pressure when a force is applied from below the moveable barrier (i.e. from

the equalisation chamber).
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In'- some embodiments of the invention, the moveable barrier .in the equalising '

reservoir may be associated with a moveable barrier in an evacuation chamber. In this

way, the moveable barriers may be substantially reciprocating.

The moveable ba;rier. may be pfovided with one or more openings therethrough to
allow fluid to pass between the storage vessel and the equalisation chamber.
Preferably, the ‘one Or more openings are prdv-ided» with control means to prevent the
unwanted ﬂow of fluid, and to control the volume and timing of the flow of fluid.
Any suitable control means may be prov1ded such as, but not limited to, one or more

caps, screens, valves or the like. Preferably, each of the one or more openings is-

" provided with a valve to control the flow of fluid.

In a preferred embodiment, the equahzatlon chamber comprises a pipe, condult or the
like attached to an external surface: of the storage vessel. and in fluid communication
with the interior of the storage vessel through a first inlet located in an upper portion

of the storage vessel and a second ihlet located in a lower portion of the storage

‘vessel. In thlS way, the fluid level in the equalization chamber is substantlally

| 1dent1cal to the fluid level in the storage vessel Preferably, the equahzatlon chamber

is provided with at least one transfer conduit adapted to transfer the first fluid between

the storage vessel and the evacuation vessel and vice versa.. The transfer conduit may

" be of any suitable size, shape and configuration, although in a preferred embodiment

of the invention, the transfer conduit is provided in a lower portion of the equalization
chamber in order to ensure that the first fluid may be transferred from a relatively low

level within the storage vessel. , N

In some embodiments of the invention, a plurality of transfer conduits may be

provided from the equalization ‘chamber to the evacuation vessel. In other

- embodiments, a single equalization chamber may be used to transfer the first ﬂ_liid to

two or more evacuation vessels. In this embodiment of the invention, one or more
transfer conduits may extend between the equalization chamber and each evacuation

vessel.

In preferred embodiments, the first fluid passes from the storage vessel to the
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evacuation ve_sSel through the equalization chamber. Any suitable technique may be
‘used for transferring the first fluid to the evacuation chamber, although in a preferred

embodiment,- the equalization chamber is provided with pumping means in an upper

portion thereof adapted to assist in.moving the first fluid between the storage vessel
and the evacuation vessel. Due to the fact that the fluid level in the storage vessel is-
s'ubstaritially that of the fluid level in the equalization chamber, the pumping meéans
(which may be a pump, or any other _su_itaible devicé) operates at minimal power usage.

The pumping means may be operated continuously or intermittently as required.

The minimal power usage in the pumping means may be achieved by utilizing the
property that water levels in a U shaped tube will seek to equalize. As a result, fluid

movement from the one or more transfer conduits to the storage vessel will typically

‘be required to overcome only a minimal static head. This principle of operation

means that one or more equalisétion chambers may be provided at varying heights on
the storage vessel without compromising the minimal power usage advantage, while
taller storage vessels will result in an increase in the hydrostatic pressure which may |

be harnessed as pbtential energy for conversion into power.

The flow of fluid through the one or more transfer conduits and into the evacuation
vessel may be achieved solely through the use of the pumping means. Alternatively,
additional means may be provided to assist the flow of the first fluid between the

storage vessel and the evacuation chamber. Any suitable means may be provided,

: Such as, but not limited to, one or more eductors adapted to create a Venturi effect to

assist in the transfer of the first fluid between the storage vessel and the evacuation

vessel.

In an alternative embodiment, the equalisation chamber may be provided with a piston

or the like to assist in the transfer of fluid between the storage chamber and the

evacuation chamber. In this embodiment of the invention, it is envisaged that the

equalisation c;hafnber may be provided ‘with a plurality of inlets in fluid

communication with the storage vessel, and a plurality of outlets in fluid

communication with the evacuation vessel (for instance, via the transfer conduits)

and/or the storage vessel. Preferably, the plurality of inlets are provided at different -
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heights in the storage vessel. In a preferred embodiment of the invention, each of the

plurality of inlets and plurality of outlets is provided with a valve or the like. It is
envisaged that the equalisation chamber may be provided with an equal number of

inlets and outlets,

In one embodiment of the invention, the equalisation chamber may comprise two
inlets in communication with the storage vessel. Preferably, the piston is positioned at

a height between the two inlets, thereby dividing the equalisation chamber into a first -

chamber (positioned above the piston and in communication with a first inlet) and a

second .ghérnber, (positioned below the piston and in communication with a second
inlét). As fluid enters and exits the equalisation chamber through the plurality of
inlets and outlets, the piston may move in response to the floW of fluid. The
movement of the piston inay be used to generate‘ power, for instance, by associating

the piston with power generation means, such as a generator or the like.

In some embodiments of the invention, the first fluid may be transferred to the
evacuation v¢sSe1 through the transfer conduifs, and returned to th_e' storage vessel in
the same manner. Alternatively, the apparatus rhay be provided with one or rhore
return conduits through which the first fluid may flow from the evacuation vessel to

the storage vessel. In this embodiment of the invention, the one or more transfer

‘conduits and/or the one or more return conduits may be provided with non-return

valves to ensure that the first fluid may flow in a single direction only through the

conduits.

In an alternative embodiment of the invention, one or more intermediate chambers

may be positioned between the storage vessel and one or more evacuation vessels.
The one or more intermediate chambers may be used to evacuate fluid in the

evacuation vessels and return it to the storage vessel. Thus, the intermediate

- chambers are in fluid communication with both the storage vessel and the evacuation

vessels.

The one or more intermediate chambers may be of any suitable size, shape or

configuration. In a preferred embodiment, each of the one or more intermediate
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chaﬂmbers may comprise a moveable barrier located therein. Any suitable moveable
barrier may be provided, although in a preferred embodiment of the invention, -the

moveable barrier comprises a piston, although it is envisaged that the moveable

“barrier could also comprise a helical shaft, pulley, screw conveyor, bladder,

diaphragm, gear arrangement, pump, hydraulic actuator, pneumatic actuator, magnet

or the like, or any combination thereof.

The movement of the moveable barrier within the intermediate chamber may be
actuated by any suitable means. For instance, movement of the moveable barrier may

be manual or automatic (for instance, through the use of a motor or the like). In an

- alternative embodiment, the moveable barrier in the intermediate chamber may be

associated with moveable barriers in one or more evacuation vessels, such that
movement of the moveable barriers in the one or more evacuation vessels produces a

correspondmg movement in'the moveable barrler in the 1ntermed1ate chamber. -

The moveable barriers in the evacuation vessels may be associated with the moveable

barriers in the intermediate chamber using‘ any suitable technique, such as, but not

limited to, connection means in the form of a line member (rope, chain, wire, cord,

hellcal shaft, pulley, screw eonveyor bladder, draphragm gear, pump, hydraullc
actuator pneumatic actuator, magnet or the like, or any combination thereof)
extending between the respective moveable barriers, electronic actuation means and

SO Oon.

The evacuation vessel may be of any Suitable size, shape or configuration. For

instance, any suitable cross-sectional shape may be provided to the evacuation vessel,
such as square, round, hexagonal or the like. In some embodiments of the invention,
the appératus may be proVicled with a plurality of evacuation vessels. In this
embodlment each of the plurality of evacuation vessels may be of the same

dimensions or different dlmensu_ms. Sxmllarly, the evacuation vessels may be

provided at the same height relative to the storage vessel, or different heights.

Preferably, however, the plurality of evacuation vessels may be provided at different

heights relative to the storage vessel to create a stacking effect, thereby allowing the

. apparatus to operate over a range of conditions.
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In a preferred embodiment of the invention, the one or more evacuation vessels are

~ provided with different dimension (diameter, height etc) to the storage vessel.

As préVioUsly stated, one or more evacuation vessels may be provided. In

embodiments of the invention'in which a plurality of evacuation vessels are provided,

the evacuation vessels may be provided in the same orientation as one another or in

different orientations to one another.

The first portion of the evacuation ve$sel may be a chamber adapted to. retain a

quantity‘ of the first fluid during a certain part of thé operational cycle of the appafatus,

- while the second portion of the evacuation vessel rriay be a chamber adapted to retain

a quantity. of the second fluid during a certain part of -the operational cycle of the
apparatus. \ |
The second fluid may also be any suitable fluid, and may be the same fluid, or a
différént fluid, to the first fluid. In a preferred erhbodiment, the second ﬂiiid 1s chosen
so as to cause the actuation of the energy generation means in the most efficient
manncr (i.e. with maximum transfer of energy. to the energy geheratiori. means, and .

minimal frictional'lossesv and the like). Thus, it is preferred that the second fluid is a

relatively low-viscosity fluid.

In a preferred embodiment of the invention, the second fluid is a gas. Any suitable

gas (or mixture of gases) may be used, although in some embodiments of ‘the

invention, the gas may be air.

. In a preferred eih_bodiment of the inventvion' the first portion and the second portion of

the evacuation chamber are separated from one another by a barrier, thereby

' preVenting‘the first and second fluids from coming into contact with one another. The

barrier may be of any suitable form, although in a preferred embodiment, the barrier
may be a movable barrier. Thus, the volume of the first and second portions may
change depending on the position of the barrier within th_e evacuatic}n vessel. In some

embodiments of the invention, a plurality of movable barriers may be provided. - For
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instance, the first portion may be provided with a first barrier, and the second pbrtion
may be provided with a second balffier.' In embodiments of the invention in which
multiple barriers are present, the barriers may be moveable independently of one
another. 'However, in a preferred embodiment, the barriers may be_moveablé in
concert with one another. The barriers may be of the same or different dimensions

(such as diameter and so on) to one another. In embodiments of the invention in

which a plurality of evacuation vessels is present, the barriers in the evacuation

vessels may be of the same, or different, dimensions to one another. -

In a preferred embodiment of the invention,bthe barrier comprises a piston, such that a
flow of the first fluid into the first portion of the evacuation vessel causes movement
of the barrier in a first diréctioﬁ, thereby resulting in the _cvécuation of the secbnd fluid
from the evacuation vessel. Sirhilarly, a flow of the second fluid into the second
portion‘bf the evacuation vessel .bmay‘ cauée movement of the barrier in a second

direction, thereby resulting in evacuation of the first fluid from the evacuation vessel.

In some embodiments, the movement of the barrier (particularly in the second

_ direction) may be assisted at least partially by the use of any suitable drive means,

such as, but not limited to, one or more motors. In this embodiment, the movement of
the barrier usmg the drive means may assist in drawmg a quantlty of the second ﬂuld _

1nt0 the second portion of the evacuatlon vessel.

Preferably, the first portion of the evacuation vessel may comprise one or more vents
adapted to allow any air or other gas in the first ‘portion to be evacuated to the

atmosphere in order to prevent the creation of a vacuum within the first portion.

Altematwely, the evacuated air or gas may be passed over one or more turblnes SO as

to generate power from the ﬂow of air or gas.

Ina preferred embodiment, the second portion of the evacuation vessel comprises a
second fluid inlet. The second fluid inlet may be connected to any suitable source of
the second fluid, such as a reservoir or the like. Alternatively, in embodiments of the

invention in which the second,ﬂuid is air, air may be drawn into the second portion
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through the second fluid inlet directly from the atmosphere. In some embodiments,
the second fluid inlet is provided with means for preventing the second fluid from
exiting the evacuation chamber through the second fluid inlet, ‘'such as a non-return

valve.

In some embodiments of the invention, the second portion of the evacuation vessel '
‘may be made of a relatively expandable material so.that the second portion may be

vinﬂata;tble. Alternatively, an inflatable device (such as a bladder or the like) may be

positioned within the second portion of the evacuation vessel such that the flow of the
second fluid into the second portion results in the inflation of the inflatable device. In
altematlve embodiments, the second portion may include an a1r-t1ght piston within a

cylinder, storage cells or the like.

In a preferred embodiment, the inflatable device is asseciated with the barrier, such |
that movement of the barrier to evacuate the first portion results in a drawing in of the
secoﬁd fluid into the inflatable device. For instance, the inflatable device may be
attached to the -barrief. Once the inflatable deviee_has reached the desired level of
inflation, the first fluid may be allowed to enter the first portion, thereby causing
movement of the barrier whlch in turn, results in the evacuation of the second portion

or the evacuation of the mﬂatable dev1ce posmoned within the second portxon

The second fluid may be. discharged from the second portion using any suitable
discharge means. In some embodiments, h0wever, the _second fluid may be.
discharged fhiough one or more pipes, conduits, manifolds, nozzles or the like, or a
combination thereof. In a preferred embodiment, the discharge means may be
prm}ided with means for preventing the second ﬂuid from' returning to the second

portion through the discharge means. Any suitable means may be prov1ded such as,

“but not limited to, a non-return valve

As previously described, the flow of the second fluid exiting the second portion

results in the actuation of the energy generation means. The energy generation means

" may be of any suitable form, such as, but not limited to rotational means in the form

of one or more fans, turbines, propeliex_*s of the like associated with a generator or the
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like, such that the rotation of the rotational means results in the generation of power in

.~ the generator. Alternatively, the energy generation means may comprise gravitaﬁonal.
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means associated with a generator, such that movement of the gfavitational means
results in the generation of power in the generator. - Any suitable generatibn means

may be provided, such as one or more weights or the like.

In embodiments of the invention in which multiple evacuation vessels are present,

each of the multiple evacuation vessels may be operated simultaneously, or at least
one of the evacuation vessels may be operated such that its cycle is different to those
of the other evacuation vessels. In some embodiments, the multiple evacuation

vessels may be operated with varying cycle timings to minimise the amount of “dead”

time (also known as a “void period”) when no power is being generated.

The number of evacuation vessels required for the apparatus is dependent on the

power cycle. For instance, if the power cycle is 10 second for the power stroke to

occur-in each of the evacuation vessels, a total of ten evacuation vessels will be

feqﬁired in order to avoid void periods. It is envisaged that the apparatus of the
present invention will be capable of generating power in the kWh or MWh range;

depending on the size and speciﬁcatioﬁs of the apparatus. _

The energy -generation means may be located éxp‘dsed to ambient conditions.
Alternatively, the energy generation means may be located in a generation chamber in

fluid communication with ,the_: second charnbcf- via the discharge means. In this way,

the energy generation means may be protected from external interference (such as the

wind and so on) and the flow of the second fluid across the rotational means may be

_ controlled so as to result in the maximum possible transfer of energy. Once the

second fluid has flowed past the rotational means, it may be captured and recycled to

the second chambér or be discharged to the atl_nosphe;e.

In some embodiments of the inventibn,'each generation char'nber'may be provided

with a plurality of rotational means. Alternatively, discharged second fluid from a

plurality of evacuation vessels may be combined and directed towards one or more

rotational means.
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In another aspect, the invention resides broadly in an energy generation apparé.tus'
comprising ‘a storage vessel adapted to contain a first fluid, one or more evacuation

vessel, each of the one or more evacuation vessels including a piston that divides the

evacuation vessel into a first chamber in fluid communication with the storage vessel,

and a second chamber in fluid communication with a source of a second fluid, and

energy generation means, wherein the flow of the first fluid from the storage vessel to

“the first chamber causes movement of the piston resulting in the evacuation of the

second fluid from the second chamber such that the flow of the second fluid from the

second chamber results in the actuation of the energy generation means.

It is envisaged that the apparatus of the present invention may be used to genérate
power, for instance electrical power for use in any suitable application. However, it is

also env'isag'ed that the apparatﬁs of the present invention could be used to generate

| propulsion for vehicles, and in particular, vroad'-going vehiclés or maritime vehicles.

It is also envisaged that the present invention could be used in conjunction with the
energy  generation = apparatus of international patent application no.

‘PCT/AUZOOS/:OOI 888, the contents of which are hereby incorporated by reference. '

" Table 1 below sets out the power calculations for an energy generation apparatus of

the present invention at first, second and third stages.

Tablé 1-Power calculations at first, second and third stages
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Brief Description of the Drawings.
An embodiment of the invention will be described with reference to the following

drawings in which: .

- Figure 1 illustrates a side view of an energy generatio‘h apparatus according to
| an embodiment of the present invention; '
Figure 2 illustrates a pian' view of an energy generation apparatus according to
| an embodiment of the present invention; o |
Figure 3 illustrates a plan view of an energy generation apparatus accordmg to
| an alternative embodiment of the present invention;

Figure 4 illustrates sectional views of an energy generation apparatus according
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{0 an alternative embodiment of the present invention;
Figure 5 illustrates a view of an evacuation vessel according to an alternative

embodiment of the present invention;

" Figure 6A-6B illustrate side views of storage vessels according to embodiments of the

present invention;

- Figure7 illustrates a cross-sectional view of an equalisation chamber according

‘to an embodlment of the present invention;

‘Fi'gure 8 illustrates a detailed partial view of an energy generation apparatus

- - according to an embodiment of the present invention;

Figure 9 | illustrates a detailed partial view of an energy generation apparatus
according to an embodiment of the present inyention;

Figure 10 illustrates a detailed partial side elevation of an energy generation

apparatus accordmg to an embodlment of the present invention;

_Figure 1 illustrates a plan view of an energy generatlon apparatus accordmg to

an embodlment of the present invention;

~ Figure 12A  illustrates an energy and mass balance in a tradmonal coal fired power

 station; and

~ Figure 12B  illustrates an energy and mass balance in an energy generation

apparatus according to embodiments of the present invention. -

Detailed Description of the Drawings.

It will be appreciated that the drawings have been provided for the purposes of

“illustrating preferred embodiments of the present invention and that the 1nventlon

should not be considered to be llmlted solely to the features as shown in the drawings.

In Figure 1 there is illustrated an energy generation apparatus 10 according to an
embodiment of the present invention. The apparatus 10 comprises a storage vessel 11

in the form of a water tank mounted to a base 12 at ground level 13. The storage

 vessel 11 is substantially full of a first fluid (water) and a lid 14 is placed.on the top of

the storage vessel 11 to prevent water loss through evaporation, or contamination of

-the water in the storage vessel 11.

An equalization chamber in the form of a pipe 15 is attached to an outer surface of the
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storage vessel and is in'ﬂu.id communication with the storage vessel 11 through an
upper inlet 16 and a lower inlet 17. A pump 18 is located in an uj)per portion of the
pipe 15 and is adapted to pump the first fluid from the storage vessel to the evacuation

vessel 19 through transfer conduits 20.

To assist in the transfer of fluid, an educator 21 is located in a lower portion of the

pipe 15 in order to create a Venturi effect.

The evacuation vessel 19 is divided into a first portion 22 (or water éhamber) and a

second portion 23 (or air chamber). The first portion 22 and second portion 23 are .

divided from one another by a first portion moveable barrier 24 and a second portion

moveable barrier 25, in the form of pistons.. The pistons 24, 25 are connected to one

another by a.shaft 26 such that movémeht of _one'pistion results in a corresponding

moverﬁen_t of the other piston. Movement of the shaft 26 may be assisted by a motor

27 on a gear and rack arrangement 28.

During an operational cycle, the motor 27 will be actuated to move the pistons 24, 25

- downwardly so as to evacuate the water chamber 22. Water will be evacuated from

the water chamber 22 through the return conduit 29 and into the storage vessel 11. As
the pistons 24, 25 move, air is drawn in to the air chamber 23 t_hrbugh the air inlet 30.
The air inlet 30 is fitted with a non-return valve 31 to prevent air from escaping .

through the inlet 30. -

As air enters through the inlet 3'0, it inflates an inflatable bladder 32 positioned within
the air chamber 23 and attached to the piston 25 such that downward movement of the

piston 25 causes the volume of the inflatable bladder 32 to increase.

When the inflatable bladder 32 is at a desired level of inflation, water from the storage
vessel 11 may bé pumped into the water chémber 22 through inlet 33. As the water
enters the water chamber 22, any' air in the water _chambér 22 may be evacuated -
through air vent 34. The flow of water into the water chamber 22 forces the pistons -
24, 25 to move ﬁp'wardly within the evacuation vessel l9,’thefeb_y causing air in the

inflatable bladder 32 to be expelled fhrough a discharge pipe 35 and into a generation
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chamber 36. The discharge pipe' 35 is provided with a non.-return valve 46 to prévent

the flow of air back into the air chamber 23.°

Air entering the generation chamber 36 flows past a turbine 37 associated with a

" generator 38 whereby the rotation of the turbine 37 results in the generation of power.

" The air then exits the generation chamber 36 into the atmosphere.

In Figure 2 a plan view of an energy generation apparatus 10 according to an
embodiment of the presént invention is illustrated. In this Figure it may be seen that
fluid from the storage vessel 11 is pumped to the evacuation vessels 19 via fhc
equalization chamber 15 and the transfer conduits 20 Water is returned from.the
evacuation vessels 19 through the return conduits 29. ‘Both the transfer conduits 20

and-the return conduits 29 are prov1ded with valves 39 that allow for the evacuation

’ vessels 19 to be 1solated from the storage vessel 11 is requlred

The turbines 37 associated with each evacuation vessel 19 may also be clearly seen in

this Figure.

In Figure 3, a plan view of an energy generation va.pparatus 40 according ‘to an
alternative embodimént of the invention is illustrated. In this Figure, the apparatus 40
comprises a storage vessel 11 and twelve evacuation vessels 19 posmoned thereabout.

Six equahzatlon chambers 15 are also provided, each of the equalization chambers 15,

being in fluid communication with two of the evacuation vessels 19.

A single turbine 37 is provided having a plurality of turbine blades 41. A rotor 42 and '

~ stator 43 assembly is provided, with the stator 43 being attached to the storaée vessel
1. ' |

In the embodiment of the invention illustrated in Figure 3 a walkway 44 and handrail
45 is prov1ded to allow a user to observe and access the apparatus 40 (for mamtenance

and the like) as required.

In Figure 4, sectional views of an energy generation apparatus 40" according to an
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alternative embodiment of the pr‘esent invention are shown. The arrangement shown

in 'Figure 4 is that of a “stacked” apparatus 40 in which a rotor 42 and stator 43

‘assembly is‘provided at ¢ach of two levels on the stnrage vessel 11, along with a

“turbine 37. In each of the upper assembly (shown in the upper portion of the Figure)

and the lower assembly (shown in the lower portionb of the Figure) the evacuation
vessels 19 may be seen. Air enters the evacuation vessels 19 through the air inlet 30
and is expelled from the evacuation vessels 19 through the dlscharge pipe 35 directly

onto the rotors 42.

The rotor 42 and stator 43 are housed at least partlally w1th1n the generation charnber

36, and exhaust ports 47 are provided for the air to return to the atmosphere.

The upper assembly is supported by a bracket or platform 48 attached to the storage

vessel 1 1.

The access walkway 44 may also be more clearly seen in this Figure.

“Turning now to Figure 5, a view of an evacuation vessel 50 according to an alternative h

‘embodiment of the present invention is shown. The water chamber 22 is in fluid

communication with the storage vessel (not shown) via an inlet 33. A piston 24 forms

‘a moveable barrier between the water chamber 22 and the air chamber 23. In this

embodiment of the invention, no second piston in the air chamber 23 is present.

As the shaft 26 moves within the evacuation vessel 50, the shaft 26 operates as a rack

to operate a pinion gear 51 which in tum causes the rotation of a flywheel 52 and

generator pulley 53 to generate electricity.

~ Alternatively, the shaft 26 could be used as a hydraulic or pneumatic cylinder and

ram, comprising a fluid inlet port 55, and wherein compressed fluid is stored in a
pressure storage cell 56-via a regulated port 57. The high pressure fluid in the storage
cell 56 may be released as required to an air or pneumatic expander turbine 58 to

actuate a generator 59 to generate electricity.
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It is envisaged that the evacuation vessel 50 could be positioned vertically or

horizontally, and could be provided as a tandem arrangement, with a central water.

chamber and an air chamber on either side thereof,

In Figures 6A and 6B there is illustrated side views of storage vessels 11 accordlng to
embodiments of the present invention. In Figure 6A the storage vessel 11 is provided
with an equalisation chamber 15 in fluid communication with the storage vessel 11
such that the fluid level in each is equalized. The barometric pressure at the surface of
the equalisation chamber 15 is relatively low (due to its small diameter) compared to

the storage vessel 11. A pump 18 is used to pump fluid from the storage vessel 11

~ into the equalisation chamber 15 so as to cause the movement of fluid, for instance to

an evacuation vessel (not shown).

In Figure'-oB an alternative storage vessel 11 is shown, and it is envisaged that this
embodiment will be more cornmonly-used in the apparatus of the present invention.
Water reticulation by e pump (not shown) between the storage vessel 11 and the
equalisation chamber 15 at the top of the vessel 11 may be achieved with minimal

head and therefore minimal power us.age.

In Figure 7, a eross-sectional view of an equalisation vctha.rnber 70 according to an
alternative embodiment of the invention is illustrated. In this Figure, the equalisation'ﬁ
chamber 15 is provided with a first inlet 71 and a second inlet 72, both of which are in
fluid communication with'. a storage vessel (not shown) at different heights in the
storage vessc] A piston 73 is positioned within the equélisation chamber 70 at a point
between the ﬁrst inlet 71 and the second inlet 72 so as to create a first chamber 74 and
a second chamber 75. A first outlet 76 and a second outlet 77 return water to the
storage 'vessel (not shown) from the first chamber 74 and second chamber 75

respeotively. Each of the inlets and outlets is provided with a valve 78, 79, 80, 81.

The piston 73 is assoeiated with a shaft 82 which passes 'through a fixed shaft support ,’
83. '

In use, valve 79 is opened and valves 78 and 81 are closed. Valve 80 is opened to
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allow fluid in the first chamber 74 to exit the first chamber 74 through outlet 76. - The

hydrostatic pressure from the storage vessel (not shown) creates a pressure force in the

_direcﬁon indicated by arrow 84 thereby causing an upward movement of the piston 73

creating a thIl‘lS.fthat may be harnessed for energy conversion (by using gases, liquids,
a rack and pinion arrangemem'or the like). The closing of valves 78 and 81 results in

optimum hydrostatic pressure force to be harnessed.

- When the valve 78 is (_)pehed, valves 79 and 80 are closed. When valve 81 is also

opened, the pressure force indicated by arrow 85 causes the piston 73 to move
downwardly without the use of motors and the fluid is evacuated from chamber 75

through Qutlet 77. The closing. of valves 79 and 80 means no opposing préssure exists

and the piston 73 movement may be optimized and achieved with minimal power

- usage in the overall cycle. This process may be repeated continuously or when

required.

In Figure 8, there is shown a detailed partial view of an energy generation apparatus

10 according to an embodiment of the present invention. In this Figure, an equalizing

reservoir 90 is positioned at an upper end. of the equalisation chamber 15. The -

equalizing reservoir 90 is provided with a piston 91 adapted to force water in the

equalizing reservoir 90 to flow to the storage vessel 11 through the upper port 16. . In

‘addition, the piston 91 acts to equalize pressure in the equalizing reservoir 90 when a

force is applied from below via the equalisation chamber 15,

The equalizing reservoir 90 is also providedeith a valve 92 adapted to allow water to
enter the equalizing reservoir 90 at a point above the piston 91 and subsequently exit
through upper port 16. Upward movement of the piston 91 within the equalizing
reservoir 90 is achieved through the uSe of a motor 97 .positioned above the equalizing
reservoir 90.. Typically, the valve 92 will be shut to allow the piston 91 to move

upwardly due to a force applied from the equalisation chamber 15 below.

This'vupward movement of the piston 91 actuates a cable 93 associated with a plurality

of pulleys 94 and results in the downward movement of the shaft 26 . This movement '

of the shaft 26 results in the equaliSatioh of pressure in an evacuation chamber 19,
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thereby causj'ng the shaft 26 and moveable barrier 24 (piston) to move downwardly

‘and evacuate any water from the evacuation chamber 19 below the moveable barrier

24 through port 33. This action will allow hydrostatic pfessure to be-exerted on the
piston 24 when a valve (not shown) positioned between port 33 and the equallsatlon

chamber 15is opened, thereby allowing the cycle to repeat.

When valve 95 is closed the water below the piston 91 passes into an upper portion 96

of the equalizing reservoir 90 through valve 92. Motor 97 actuates to move the piston
92 upwardty, thereby forcing water in the upper portion 96 to be evacuated through
port 16 to the storage vessel 11. When this occurs, the water level 98 in the storage

veséel 11 will he higher than the water level 99 in the equalizing reservoir 90.

When the valve 95 iS opened, the water level 98 in the storage vessel 11 and the water

level 99 in the equalizing reservoir 90 will equalize. This equalivzin.g force is applied .

to the piston 91 and is transferred to the shaft 26 and piston ’2‘4, which, in turn,
evacuates water from the evacuation chamber 19. Thus, the system is prepared for a
repeat cycle in which the piston 24 is subjected to hydrostatic pressure when the vztlve

(not shown) positioned between poi't 33 and the equalisation chamber 15 is opened. |

Water in the equalizing reservoir 90 below the piston 91 fnay'b_e returned to the |
storage vessel 11 via pump 100. In this embodiment of the invention, the use of the

- motor 97 to move the piston 91 is not necessary.

The oressure equalizing principles can be explained using the following computations:

If the storage vessel 11 has a diarnetef of 1000mm and a height of 10m, the equalizing .

reservoir diameter is 1000mm and its area is 0. 8m?>. The diameter of the evacuatlon

chamber 19 and the plston 24 is 350mm and their area 1s 0.096m>.

The hydrostatic pressure exerted at the valve (not shown) posmoned between port 33 |

- . and the equalisation chamber 15 is approximately 100kPa (being 10kPa/m-depth), and

the distance between the water level 98 in the storage vessel 11 and the water level 99

in the equali‘zing reservoir 90 is 1300mm,
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The force exerted at the piston 24-is 9.6kN (being pressuie x area). Thus, in order for

 the piston 24 and shaft 26 to evacuate the evacuation chamber 19, the force that must

be overcome is'9.6kN. Thus, the piston 24 mUst move downwards for, say 1000mm.,

- The piston 91in the e(jualizing reservoir 90 will be subjected to a water force when

valve 95 is opened, and the water head will be equal to the difference in water level in
the equalizing reservoir 90 (i._e'. 1300mm). On this basis, the force below the piston

91 is 10.4kN (being pressure x area). 'I;hus,’the' piston 91" will be capable of .

- overcoming the force under piston 24 of 9.6kN, thereby allowing piston 24 to move

downwards with the equalizing pressure to cause the evacuatiori of the evacuation

chamber 19. The system willthen be ready for the repeat cycle in which hydrostafi‘c

pressure is introduced when the valve (not shown) positioned between port 33 and the

equalisation chamber 15is opened _ .

In Figure 9, there is shown a detaiIed.partial view of an energy geﬁ_eration apparatus -
10 according te an embodiment ‘of the present invention. In this Figure, an
intefmediate chamber 110 is located in fluid communication via pipe 111 with storage ‘
vessel 11.‘. The intermediate chamber 110 is provided with a piston 112 _adapted to

force fluid in'the inteimediate chamber 110 to flow to the storage vessel 11 through

~ the p‘ipe' 111 when the piston 112 moves in the direction indicated by arrow F3. A

pump 100 may be used to assist in returning fluid to the storage vessel 11 if required.

“A valve 113 is provided adjacent the outlet of the intermediat_é chamber 110. In use,

the valve 113 is opened to allow fluid to flow from the intermediate chamber 110 to

the storage vessel 11, and closed once the intermediate ehamber_llo has been .

emptied.

In the embodiment of the invention shown in Figure 9, a pair ef evacuation chambers
19A, 19B are provided, with the evacuation chambers 19A, 19B being in different
orientations to one another. Each of the evacuations chambers 19A, 19B is' provided
with a Api'stori 24 mounted on a shaft 26 which is associated with the pistori 112 in the

intermediate chamber 110 via a line member 114 which runs over a number of pulleys
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94 and is ultimately connected to a drive pulley 115 associated with shaft 26
(alternatively, screw-impellers, pumps, inflatable bladders etc could be used). Each of
the evacuation chambers 19A, 19B is provided with biasing‘me'ans in the form of a

spririg. 116 (althéugh motor, counter-weights etc may also be used) which serves to

~ bias the pistons 24 downwardly in the case of evacuation chamber 19A and to the

right in the case of evacuation chamber 19B.

In operaﬁon, when yalve 95 is opened, a liquid hydrdstatic pressure is exerted on the
pistons 24 The pistons 24 move upwardly (in the case of evacuation chamber 19A)
and to the left (in the case of evacuation chamber 19B). Shafts 26 also move, thereby =
turning drive pulley 11'5 _arid_"resultihgv in the line member 114 drawing the piston 112
upwardly within intermediate chambcr 110. The drive pulley 115 may also be a ‘racvk .

and pinion gear é.rrangement or any other suitable arrangement.

The movement of the piston 112 causes the liquid in the intermediate chamber 110 to

* flow upwardly through pipe' 111 when valve 113 is opened: Once the intenﬁediatg

chamber 110 is empty, valve 113 closes. Pump 100 rnéy be used to assist in returning

fluid from the intermediate chamber 110 to the storage vessel 11 if required.

At other times, fluid may flow frOmvthe storage vessel 11 to the intemediate chamber

110 via pipe 111 under gravity when valve 113 is open.

Each of the evacuation chambers 19A, 19B is provided with an air inlet canister ‘11"7
that introduces air into the evacuation chambers 19A and 19B through an inlet port.
Air is drawn in from the canisters 117 in response to a movement of the pistonS 24
(i.e. a downward movement in evacuation éhamber 19A and a movement to the right.

in evacuation chamber 19B). Also provided are hlgh pressure outlet ports 118 and

-low pressure liquid return valves 119.

As the pistons 24 move, high pressure air on the opposité of the piston 24 to the fluid
from the storage vessel 11 is forced through the outlet ports 118 thfough ducts 120
and into a turbine chamber 121. Air in the turbine chamber 121 flows over a turbine

122, the rotation of which can be used to generate electrical energy in a generator 123.
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The turbine chamber 121 is prov1ded with a one way valve 124 to prevent the return

ﬂow of air.

When valve 95 is closed, valves 119 open, thereby 'causin'g loW -pressure fluid to be
forced out of the evacuation chamber 19A, 19B by the biasingv action of springs 116.
If reqtﬁred, a motor or pump (not shown) may be psed to assist in the movement c_f
fluid through valves 119, although preferably this is_achieved by gravity (in which
case at least one of the evacuation chambers 194, 19B is positioned above the
mtermedlate chamber 110). Once evacuation chambers 19A 19B are empty, valves' -

1 19 will close This series of steps may repeat as requlred

The system may b'e-'arranged in a number of different conﬁgurations. F‘or instance,
evacuation charrlber 19A may act alone as the high pressureair generator feeding into
the turbine chamber 121, while evacuation chamber 1 9B may act to generate the force
required to operate piston 112 in the intermediate chamber 110. In this embodiment
the ‘intermediate ‘chamber 110 will receive low pressure fluid from evacuation

chamber 19A as well as evacuation chamber 19B.

- In an alternative arrangement, a single storage vessel 11 may be used with multiple

evacuation chambers to generate high pressure air. Multiple intermediate chambers
and multiple eyacuation chambers may be p‘royided to generate the force required to

operate the pistons in the intermediate chambers.

The'engineerin'g computations to demonstrate the functionality of this arrangement are

set out below:

Where the storage vessel is 10m hrgh the pressure at pomts P1 or P2 is 100kPa. For

an evacuatlon chamber having a diameter of 600mm and a length of 1m, the area is -

0.28m?. Force F1= = Pressure x Area,thus Force Fl is 28kN.

The intermediate chamber piston is 300mm in diameter, with an area of 0.07m>.
Force F2 is the  volume in the intermediate chamber plusfthe pipe 111 multiplied by
gravity and height. Thus, Force F2 = 700kg x 9.8 x 10 = 6.86kN. This is the force to
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be overcome to empty the liquid in the intermediate chamber. - The difference between
F1 and F2 is the Force Gradient (21.14kN).

The potential energy in the high préssure. air when converted in the turbine chamber = .
Volume x Pressure. Thus, the available power = 0.28m3-/s x 100kN/m?, of the powér,

equivalent based on a force gradient of 21.14kN. ' This equates to pressure =

21.14kW.

Engineering computations with the use of a separate evacuation chamber to operate

the intermediate chamber are set out below:

Where evacuation chamber 19A is used to génerate high pressure air, P=100kPa,

| A=0.28m? V=0.28m> and F=28kN. The potential energy available to be converted to
power = 0.28 x 100 = 28kW. . |

Evacuation ‘chamber 19B is used to generate force to operate piston 112 in the
intermediate chamber 110. Thus, in a 400mm diameter evacuation chamber,

A¥0.125m2, V=0.125m>. If an evacuation chamber opefational length of 1m is used

. the pressure at which evacuation chamber operates is 100kPa. Thus, the force acting. '

on the piston = 100 x 0.125 = 12.5 kN.

The total liquid flow to the intermediate chamber Q = 0.28 + 0.125 = 0.405m’. The |

conﬁguration of the intermediate chamber is one having a diameter of 700mm

" (A=0.385m?) and a length of approximately 1m. Thus, the volume is approximately
. g . _

400 litres. The intermediate chamber ‘is connected to the top of the tower at
approximately 9m in height. The diameter of pipe 111 is 250mm (A=0.05m?). Thus,

the volume in pipe 111 is 0.45m’,

The total volume of liquid in the intermediate chamber and the piﬁe 111 is 0.405 +

© 0.45=0.855m° (855 ltres or 8.379kN).

- To move the piston 112 and thus the lik]uid in the intermediate chamber upwards, a




10

15

20

25

30

- PCT/AU2011/000430
26

for_cey of greater than 8.379kN will be required. As calculated above, the force

~generated at the evacuation chamber 19B is 12.5kN. This is higher than the force_ :

required to be overcome at the piston in the intermediate chamber with a safety

" margin of 49.1%.

It is envisaged that an arrangement of multiplé evacuation chambers, intermediate
chambers and high pressure air cylinders may be located at any suitable height of the

storage vessel. In this way, additional arrangements of chambers and air:cylinders

- may be located above or below the first arrangémen_t such that multiple levels may be -

provided. .

' Figure 10 illustrates a’ detailed side elevation of an energy generation apparatus

according to an embodiment of the present invention. The apparatus of Figure 10 is -

very similar in many ways to that shown in Figure 9. For instance the evacuation -

- chambers 19A, 19B act in the same manner as those shown in Figure 9'in that where

piston 24 is subject to fluid transfer pressure, line-member 114 and pulleys 115 are

actuated, thereby forcing piston 112 to do mechanical work.

The pipe 111 in Figure 10 is fitted with a valve 125 (such as a non-reflux valve) and a

valve actuator to operate the valve 125. In the embodiment of the invention shown in

Figure 10, valves 119 are stop valves of any suifable type with non-reflux valves fitted

adjacent thereto. Main valve 95 may also be any suitable type of valve.

The apparatus is provided w1th an intermediate chamber 126 in which low pressure

fluid is stored and transferred into chamber 110. The fluid transfer may be made by

. any suitable technique, such as by mechanical means, electrically-operated systems or

under the influence of gravity.

An outlet 129 in the form of a spout is provided in an upper region of the vessel 11

such that fluid in the upper region of the vessel 11 exits the vessel vthrough the outlet

- 129. The fluid passes through a conduit 128 and a jet nozzle 127 in order to drlve a

~turbine generator 122 to produce electricity. Conduit 128 can be of various types,

shapes and configurations to allow transfer of liquid under the influence of gravity.
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The potential energy of the fluid being discharged at outlet 129 is PE = mgh (in Nm)

where m = the mass of fluid, g = gravity and h = the height of the vessel. The power

available at the turbine generator 122 is a function of the fluid discharge rate or flow:

rate in N/s mulﬁplied by head-height in m, resulting in Nm/s or J/s or kW,

- In Figure 11 there is shown a plan view of an energy generation apparatus according

to an embodiment of the present invention in which four sets of evacuation chambers
19A, 19B are shown. A single intermediate chamber 126 and turbine generator 122 is
provided, although it will be understood that_ the apparatus could comprise varying. .

numbers of evacuation éharﬁbers 19A, 19B and/or intermediate chambers 126 as

| - required. The evacuation chambers 19A, 19B may be instélled on one or more planes

as desired. These éhambers and vessels can be arranged and configured in various

. ways including piston therein transverses on a horizontal or a vertical plane.

. The evacuation chambers 19A, 19B are adapted to provide a continuous power output.

As each pair of evacuation chambers 19A, 19B requires a period of time in which to
complete a repeat cycle, the operation of each pair of evacuation chambers 19A, 19B

may be sfaggered to provide'contir'luous power output. It is'énvisag"ed that the power

' output may be rated in kWh or MWh,

In Figure 12A there is shown an energy and mass balance in a traditional coal fired
power station. This is illustrated for comparative purposes. The variables in this
Figure are as follows:

Ei = Energy Input (in the form of coal calorific values of thermal energy).

~ Ec = Energy converted from heat energy into kinetic energy and mechanical energy.

ELa = Parasitic load to do work; and losses due to friction and enérgy conversions
CON |
Eo = Energy Output in electrical energy.

ELb = Energy Losses due to transformers, transmissions and distributions.

The energy balance for this system is set out below:

Energy and Mass Balance Formula: Ei - ELa=Eo
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Net Energy Gain (NEG) = Ei - Ela. _ o
Energy Boundary = Heat-energy from temperature gradients (AT) as medium.
Incineration coal raises temperature from ambient up to 60(_)°C and the pressure is. at |

40bar. AT is a variable medium that dissipatesover time when Ei (+Eia) = 0.

'Eia (energy input-auxiliary at black start) = Gas in the form of LPG/LNG,; plasma, etc.

"In Figure 12B there is shown an energy and mass balance in an energy gene'ration :

apparatus according to embodiments of the present invention. The variables in this _
Figure are as follows:

Eia = Energy Input (in the form of electrical energy from pre-charged batteries). ‘

'EiG = Energy Input (in the form of gravitational potential energy), as. in

hydrodynamic-cycle. ‘
Ec = Energy Converted_ from hydrostatic pressure energy 'in_to kinetic energy and

mechanical energy.

' ELa = Parasitic Load to do work; and losses due to friction and energy conversions
&), . v | v _ o
Eo = Energy Output in electncal energy.

ELb = Energy Losses due to transmlssmns and dlstrrbutlons = 0, as the present

invention is a drstnbuted system.

The energy balance for this system, is set out below:

Energy and Mass Balance Formula: Net Energy Gain (NEG) = Ei - Ela

Energy Boundary = Hydrostatic pressure-gradients (AP) as medium in liquid (non-
thermal). | - _ o
Hydrodynamic-cycle raises Weight resulting in gravitational potential energy. APisa
constant-medium  does not dissipate oyer time yvhen Ei (+EiG) = 0. Buoyancy,

hqurd/gas densrty, gravity are thus constant-medium. EiG, Ec, ELa Eo, Elb =0 in the

© absence of liquid, even if Eia = power active. Pressure is transferred by liquid; Force

by-sohd-trans_mrssmn, Compressed air system operated hydrostatlcally.

Those skilled in the art will appreciate that the present invention may be susceptible to

variations and modifications other than those specifically described. It will be

.understood  that the present invention encompasses all such variations and
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modifications that fall within its spirit and scope. ‘
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Claims, ‘

8.

An energy generation apparatus comprising a storage vessel adapted to contain a
first fluid, one or more evacuation vessels, each of the one or more evacuation
vessels being divided into a first portior} in fluid communication with the storage
Vcssel ‘ahd a second portion in fluid communication with a source of a second
fluid, and energy generation'méans, wherein the flow of the first fluid from the-
storage vessel to the first portion of the evacuation vessel results in the evacuation
of the second fluid from the second portion of the evaéuatidn vessel such that the

flow of the second fluid from the second portion of the evacuation vessel results

-in the actuation of the energy generation means. - -

An energy generation apparatus according to claim 1 wherein the first portion of

- the evacuatlon 'vessel comprises a chamber adapted to retain a quantlty of the first .

fluid during a certain part of the operat1onal cycle of the apparatus.

An energy generation apparatus. accordmg to clalm 1 or claim 2 wherein the
second portion of the evacuation vessel comprlses a chamber adapted to retain a _
quahtity of the second fluid during a certain part of the operational cycle of the
apparatus. |
An energy generation apparatus according to any one of the preceding' claims
wherein the first and second fluid are different fluids to one another.

An energy generation apparatus according to any one of the preceding claims

. wherein the second fluid is a gas or mixture of gases.

An energy generation apparatus according to any' one of the preceding claims
wherein the first and second portions of the evacuation vessel are separated from
one another by a moveable barrier. '

An energy generation apparatus according to claim 6 wherein the flow of the first

fluid into the first portion of the evacuation - vessel causes movement of the

moveable barrier in a first direction, thereby resulting in the evacuation of the

second fluid from the second portion of the evacuation vessel, and wherein a flow

of the second fluid into the second portion of the evacuation vessel causes
movement of the moveable barrier in a second direction, thereby resulting in the
evacuation of the first fluid from the evacuation vessel.

An energy generation apparatus according to any one of the preceding claims
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wherein the energy generation means comprises rotational means associated with
a generator, such that the rotation of the rotational means results in the generatlon
of power in the generator o
An energy generation apparatus according to any one of claims 1 to 7 wherein the
ehergy generation rﬁeans comprises gravitational means associated with a
generator, such that the rotation of the rotaﬁona__l means results in the generation
of power in the generator. | |
An energy generation apparatus. according to any one of the preceding claims
wherein the apparatus is provided with a plurahty of evacuatlon vessels.
An energy generatlon apparatus according to claim 10 wherein the first and '
second portions of each of the evacuation vessels is separated from one another -

by a moveable barrier.

An energy generation apparatus accordirig to claim 11 wherein the moveable

barrier in at least one of the evacuation vessels is of a different diameter to the
moveable barrlers in the other evacuation vessels.

An energy generatlon apparatus according to any one of the preceding clalms

“wherein the apparatus is further prov1ded with an equalisation chamber in fluid

communication with the storage vessel.

An energy generation apparatus according to claim 13 wherein the equalisation
chamber is provided with-an equahsing reservoir associated with an upper end of
the equalisation chamber. | _

An energy generation apparatus according to claim 14 wherein -the e_qualisihg
reservoir is in fluid communication with both the storage vessel and the
equalisation chamber. _ | |

An energy generation system accordmg to claim 14 or claim 15 wherem the
equalising reservoir is provided with a moveable bamer. associated with a
moveable barrier in at least one of the one or more evacuation chambers. -

An energy generation apparatus according to any one of claims 13 to 16 wherein .
the equalisation chamher comprises a pipe, conduit or the like attached to an
extemal surface of the storage vessel and in fluid commumcatlon with the interior
of the storage vessel through a first inlet located in an upper portion of the storage .
vessel and a second inlet located in a lower portion of the storage vessel.

An energy generation apparatus according to any one of the preceding claims
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wherein one or more intermediate chambers are located between the storage .
vessel and the one or more evacuation vessels
An energy generatlon apparatus accordmg to c]alm 18 wherein the one or more -

intermediate vessels is provided with a moveable barrier located therein.

'An energy generation apparatus according to claim 19 wherein the moveable
“barrier of the one or more intermediate vessels is associated with moveable

barriers in the one or more evacuation vessels such that movement of moveable

barriers in the’ one or more evacuation vessels produces a - corresponding’
movement in the moveable barrier in the intermediate chamber.

An energy generation apparatus accordlng to any one of the precedmg claims

wherein a plurality of evacuatlon vessels are provided at different heights relatlve _
to the storage vessel. ’ _

An energy generation apparatusvcomprising a storage vessel adapted to contain a

first fluid, one or more evacuation vessel, each of the one or more evacuation

vessels 1nclud1ng a piston that divides the evacuatlon vessel into a first chamber

in fluid commumcatlon with the storage vessel, and a second chamber in fluid _

' communication with a source of a second fluid, and energy generation means,

wherein the flow of the first fluid from the storage vessel to the first chamber

causes movement of the piston resulting in the evacuation of the second fluid -

from thé second chamber such that the flow of the second fluid from the second

* chamber results in the actuation of the energy generation means.

An energy generation apparatus according to any one of the proceeding claims

wherein the dimensions of the one or more evacuation vessels are different to the

dimensions of the storage vessel.
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Abstract

~An envergyigeneration' appératus comprising a storage vessel adapted to

contain a first fluid, one or more evacuation vessels, each of the one or more

~ evacuation vessels being divided into a first portion in fluid communication with the

storage vessel and a second portion in fluid communication with a source of a sécond
fluid, and enérgy generation means, wherein the flow of the first fluid from the storage
vessel to the first portion of the evacuation vessel results in the evacuation of the

second fluid from the second portion of the evacuation vessel such that the flow of thé

second fluid from the second portion of the evacuation vessel results in the actuation

of the energy generation means.
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