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Description
Field
[0001] The present application is directed towards a

generator that utilises the properties of a compressible
fluid and an incompressible fluid to generate power.

Background

[0002] The use of compressed air for energy storage
(CAES) has been around for decades but is increasing in
importance as a solution to augment renewable energy
systems. At present, the electricity produced by other
power sources, such as wind turbines, is converted into
highly pressurized compressed air and stored for later
use. When the energy is needed, this compressed air is
thenreleased into turbine generators so it can be used as
electricity again. With compressed air energy storage,
the energy can be stored - and later used - at any time of
the day or year, regardless of weather or other conditions.
[0003] Further,acompressible fluid e.g. a compressed
gas, such as compressed air, is commonly used in man-
ufacturing plants and re-harvesting compressed gas that
has been used, but is still under compression, is becom-
ing of more interest as this gas could potentially be used
for power generation instead of being vented or other-
wise disposed of as waste.

Object

[0004] There are a number of significant problems with
the use of turbine generators to convert compressed air
into power. Forexample, turbine engine costs can be high
due to use of exotic or specialised materials. Further a
turbine engine is less efficient than a piston driven engine
at idle speed and low speeds. Further, a turbine is less
flexible than a piston engine as a turbine typically has an
optimal operating speed and therefore less responsive to
changes in power demand compared with e.g. recipro-
cating engines.

[0005] However, there are also significantissues with a
standard gas driven piston engine - due to friction, and
the tight seal needed to prevent the escape of gas, they
are not sufficiently efficient at high speeds for widespread
uptake.

[0006] Asaresult,thereis aneed forageneratorthatis
driven by a compressed fluid e.g. a gas (such as air)
which is flexible and inexpensive to build and maintain.

Summary

[0007] The present disclosure is directed towards a
system for converting a compressed gassed into elec-
trical power comprising: a plurality of vessels wherein the
vessels are connected in a circuit by a plurality of pipe
sections, wherein: each pipe section comprises a valve
wherein the valves are arranged to allow liquid to flow

10

15

20

25

30

35

40

45

50

55

around the pipe sections in a first direction; each pipe
section comprises a generator for converting the flow of
liquid in the pipe section into electricity; each vessel is
configured to hold a liquid and a gas and comprises a
membrane to keep the liquid separate fromthe gas; and a
controller for sequencing power generation steps in afirst
sequence, wherein the device is configured to be coupled
to a source of compressed gas and controller is config-
ured to: use the source of compressed gas to increase
the amount of gas in afirst vessel; and reduce the amount
of gas in a second vessel such that liquid flows in the
circuit, whereby: electrical power is generated from the
flow of liquid by at least one generator.

[0008] Preferably, the system comprises a means for
controlling the pressure of gas provided to the device,
wherein altering the pressure alters the power of elec-
tricity generated by the device.

[0009] Preferably, the system comprising a gas man-
agement portion, wherein the gas management portionis
configured to pump gas to the first vessel and draw gas
from the second vessel. More preferably, the gas man-
agement portion comprises atleastone pistondrivenby a
compressed gas.

[0010] Preferably, the gas is air and/or the liquid is
water. Preferably, the system comprises five vessels.
[0011] Preferably, the controller is configured to per-
form a first sequence of steps starting at a first vessel,
wherein liquid is moved from each vessel in sequence.
More preferably, the controller is configured to perform a
second sequence of steps simultaneously with the first
sequence, wherein in the second sequence, starting ata
second vessel liquid is moved from each vessel in se-
quence, wherein the first vessel is not a neighbour of the
second vessel liquid is being removed from at least two
vessels while the first and second sequences of steps are
being performed. Even more preferably, the second se-
quence is half a step out of step with the first sequence
whereby liquid is constantly flowing in the circuit.
[0012] Preferably, the pipe sections are curved to form
a circle. Preferably, the generator is a rotary electrical
generator.

[0013] Preferably, one or more of the bearings, brake,
seal, and any other component in a piping section that
requires maintenance or replacement can be accessed
via an access port located externally on the piping sec-
tion.

[0014] Preferably, the membrane is a diaphragm.
[0015] Preferably, one or more of the piping segments
in the liquid management portion of the device may be
provided with one or more gauges.

[0016] The disclosure is also directed towards a meth-
od of generating electricity in a system comprising a
plurality of vessels wherein the vessels are connected
in a circuit by a plurality of pipe sections, wherein: each
pipe section comprises a valve wherein the valves are
arranged to allow liquid to flow around the pipe sectionsin
afirst direction; each pipe section comprises a generator
for converting the flow of liquid in the pipe section into
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electricity; each vessel is configured to hold aliquid and a
gas and comprises a membrane to keep the liquid se-
parate from the gas, wherein the method comprises:
using a source of compressed gas to increase the
amount of gas in a first vessel and reducing the amount
of gas in a second vessel such that liquid flows in the
circuit, whereby: electrical power is generated from the
flow of liquid by at least one generator.

Brief Description of the Drawings

[0017] A device in accordance with the present disclo-
sure will be more clearly understood from the following
description of an embodiment thereof, given by way of
example only, with reference to the accompanying draw-
ings, in which:-

Figure 1 shows a liquid management portion of the
device; and

Figure 2 shows a gas management portion of the
device.

Detailed Description of the Drawings

[0018] The present disclosure is directed to a device
which forces an incompressible fluid, e.g. a liquid (such
as water) to constantly flow around a fluid circuit using a
compressible fluid (such as air). The incompressible fluid
can then in turn be used to drive a generator such as a
turbine (e.g. a water turbine).

[0019] Figure 1 shows the liquid management portion
1100 of the device. The liquid flow portion 1100 comprises
a plurality of vessels 1101a-e for holding a liquid. Pre-
ferably the liquid is water.

[0020] A first vessel 1101a is connected to a second
vessel 1101b by a first piping segment 1102a. The first
piping segment 1102a is provided with a first non-return
valve 1103a. The first non-return valve 1103a ensures
that the liquid can only flow from a first vessel 1101ato a
second vessel 1101b. Further, the first piping segment
1102a also comprises a first turbine 1104a. The first
turbine 1104a is configured to generate electricity from
any liquid flowing through the first pipe segment 1102a.
[0021] The secondvessel 1101bis connected to a third
vessel 1101¢ by a second piping segment 1102b. The
second piping segment 1102b is provided with a non-
return valve 1103b. The non-return valve 1103b ensures
that the liquid can only flow from the second vessel 1101b
to the third vessel 1101c. Further, the second piping
segment 1102b also comprises a second turbine
1104b. The second turbine 1104b is configured to gen-
erate electricity from any liquid flowing through the sec-
ond pipe segment 1102b.

[0022] The third vessel 1101c is connected to a fourth
vessel 1101d by a third piping segment 1102c. The third
piping segment 1102c is also provided with a non-return
valve 1103c and a turbine 1104c, which operate similarly
to the non-return valves and turbines described above.
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[0023] Similarly, the fourth vessel 1101d is connected
to a fifth vessel 1101e by a fourth piping segment 1102d.
The fourth piping segment 1102d is also provided with a
non-return valve 1103d and a turbine 1104d, which oper-
ate similarly to the non-return valves and turbines de-
scribed above.

[0024] The fifth vessel 1101e is connected to a first
vessel 1101a by a fifth piping segment 1102e. The fifth
piping segment 1102e is also provided with a non-return
valve 1103e and a turbine 1104e, which operate similarly
to the non-return valves and turbines described above.
[0025] The piping segments 1102 form a circuit 1110.
The vessels are for holding a liquid, for example water.
[0026] At the start of a first step in a sequence, liquid
has been removed from at least one vessel using a gas
(e.g. air). The liquid is removed from the vessel by in-
troducing a gas into the vessel via one or more gas pipes
(not shown). As the gas enters the vessels it forces the
liquid out of the vessel. The remaining vessels contain a
liquid (e.g. water) at ambient pressure. For example, at
the start of the first step, liquid can be removed from the
fifth vessel 1101e. Gas can also be introduced into a
vessel via the one or more gas pipes.

[0027] During the first step, gas is introduced into a
vessel neighbouring the vessel from which liquid has
been removed and gas is vented from the vessel from
which liquid has been removed. This causes liquid to flow
to the vessel from which liquid has been removed from
the neighbouring vessel. This causes liquid to move in the
pipe sections which can be converted into electricity
using the generators. For example, gas may be vented
from the fifth vessel 1101e and gas introduced into fourth
vessel 110d. As a result, liquid will flow from the fourth
vessel 1101d to the fifth vessel 1101e. This movement
causes liquid to flow in at least the fourth pipe section
1102d. This movement of liquid is converted into elec-
tricity using the fourth generator 1104d.

[0028] After a selected time period, or alternatively
when a predetermined volume of fluid has been moved
during the first step, the system is entered into a second
step in the sequence. During the second step, gas is
vented from the vessel from which liquid was removed in
the first step and gas introduced into its neighbouring
vessel. This causes liquid to move in the pipe sections
which can be converted into electricity using the genera-
tors. For example, gas may be vented from the fourth
vessel 1101d and gas introduced into third vessel 110c.
As a result, liquid will flow from the third vessel 1101c to
the fourth vessel 1101d. This movement causes liquid to
flow in at lease the third pipe section 1102c. This move-
ment of liquid is converted into electricity using the third
generator 1104c.

[0029] After a selected time period, or alternatively
when a predetermined volume of fluid has been moved
during the second step, the system is entered into a third
step in the sequence. During the third step, gas is vented
from the vessel from which liquid was removed in the
second step and gas introduced into its neighbouring
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vessel. This causes liquid to move in the pipe sections
which can be converted into electricity using the genera-
tors. For example, gas may be vented from the third
vessel 1101c and gas introduced into second vessel
110b. As a result, liquid will flow from the second vessel
1101b to the third vessel 1101c. This movement causes
liquid to flow in at least the second pipe section 1102b.
This movement of liquid is converted into electricity using
the second generator 1104b.

[0030] After a selected time period, or alternatively
when a predetermined volume of fluid has been moved
during the third step, the system is entered into a fourth
step in the sequence. During the fourth step, gas is
vented from the vessel from which liquid was removed
in the third step and gas introduced into its neighbouring
vessel. This causes liquid to move in the pipe sections
which can be converted into electricity using the genera-
tors. For example, gas may be vented from the second
vessel 1101b and gasintroduced intofirstvessel 110a. As
a result, liquid will flow from the first vessel 1101a to the
second vessel 1101b. This movement causes liquid to
flow in at least the first pipe section 1102a. This move-
ment of liquid is converted into electricity using the first
generator 1104a.

[0031] After a selected time period, or alternatively
when a predetermined volume of fluid has been moved
during the fourth step, the system is entered into a fifth
step in the sequence. During the fifth step, gas is vented
from the vessel from which liquid was removed in the
fourth step and gas introduced into its neighbouring
vessel. This causes liquid to move in the pipe sections
which can be converted into electricity using the genera-
tors. Forexample, gas may be vented from the first vessel
1101a and gas introduced into the fifth vessel 110e. As a
result, liquid will flow from the fifth vessel 1101e to the first
vessel 1101a. This movement causes liquid to flow in at
least the fifth pipe section 1102e. This movement of liquid
is converted into electricity using the fifth generator
1104e.

[0032] After a selected time period, or alternatively
when a predetermined volume of fluid has been moved
during the fifth step, the system is re-entered into the first
fifth step in the sequence.

[0033] The speed of liquid flowing can be controlled by
adjusting the duration of the steps in the cycle. In addition,
the pressure applied to the liquid by the gas can be
controlled through controlling the flow of gas into or out
of the vessels. For example, the larger the internal radius
of the gas pipes, the quicker the pressure applied to a
liquid in a vessel changes after a change of step. Poten-
tially, flow of gas into and out of the vessels may be
controlled using valves.

[0034] Inaddition, while the above example shows five
vessels, any other suitable number of two or more ves-
sels connected in a circuit may be used.

[0035] However, the use of five vessels is preferred as
it allows for two sequences of steps to be run simulta-
neously. Preferably the sequences are out of phase with
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each other to allow continuous power generation. More
preferably, the sequences are half a step out of phase.
For example, while a first sequence is switching from the
first step to the second step, a second sequence may be
in the middle of the fourth step. In particular, at the point
when the maximum volume of liquid has entered the fifth
vessel 1101e, liquid has been removed from the fourth
vessel 1101d and as gas is about to vented from this
vessel, half the liquid has been moved from the first
vessel 1101a to the second vessel 1101b.

[0036] The sequencing of steps can be controlled by
any suitable means. For example, a processor may be
used to control switching between steps.

[0037] As a result of liquid being moved through a
‘push’ from gas being entered into a vessel and a corre-
sponding ’pull’ from gas being removed from a neigh-
bouring vessel, a head of pressure does not need to be
applied to the device to drive the movement of liquid.
[0038] While in theory the system could utilise an im-
miscible gas and liquid relay on the different densities of
the gas and the liquid to maintain the liquid separate from
the gas, itis preferable if a membrane exists between the
gas and the liquid to keep them separate. More prefer-
ably, the membrane is a diaphragm. Ideally, a bladder is
used for storing gas in the vessel. Any suitable vessel can
be used, for example the Ultra-Pro range of Expansion
Vessels provided by Zilmet™ may be used. Alternatively
custom-built vessels can be used.

[0039] An advantage of keeping the gas and liquid
separate with a membrane is that there is no possible
mixing of the gas and the liquid through either evapora-
tion of the liquid into the gas or the gas dissolving into the
liquid. As a result, the liquid in the unit is sealed and once
fitted there is no need to 'top-up’ the liquid. For example, if
the liquid is water, there is no need to connect the system
to a water supply. Further, because the system is sealed,
it can be provided above ground, below ground, or sub-
merged underwater. Because the liquid does not leave
the system, it does not present a contamination risk to
surrounding flora or fauna wherever it is located.
[0040] The piping sections have been shown as run-
ning in straight line, however they can be curved to form
an ellipse or a circle to facilitate the flow of liquid around
the circuit, thereby reducing energy loss and the risk of
cavitation.

[0041] Any suitable turbine can be used to generate
power. Preferably, a rotary electrical generator is used.
Preferably, a lift-based spherical turbine is used. Prefer-
ably, one or more of the bearings, brake, seal, and any
other component in a piping section that requires main-
tenance or replacement can be accessed via an access
port located externally on the piping section.

[0042] Any suitable fluid valve may also be used.
[0043] Figure 2 shows the gas management portion
2000 of the device. The gas management portion com-
prises a piston 2010. The piston is located in gas vessel
2020 and divides the interior of the gas vessel into a first
chamber 2020a and a second chamber 2020b. The
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piston 2010 is driven by a driver 2015 which is configured
to move the piston 2010 to increase and decrease the
sizes of the first and second chambers 2020a, 2020b. An
output pipe 2030 is connected to both the firstand second
chambers 2020a, 2020b, such that the connections com-
prise one way exit gas valves 2040. The exit gas valves
are configured to only allow gas to leave the gas vessel
2020. An input pipe 2050 is also connected to the cham-
bers 2020a, 2020b, such that the connections comprise
one way entry gas valves 2060. The exit gas valves are
configured to only allow gas to enter the gas vessel 2020.
[0044] When the piston is pushed away from the driver
2015, the volume of chamber 2020a is reduced forcing
gas out of chamber 2020a via an exit gas valve 2040, and
the volume of chamber 2020b is increased, drawing gas
into chamber 2020b via an entry gas valve 2060. When
the pistonis pulled towards the driver 2015, the volume of
chamber 2020b is reduced forcing gas out of chamber
2020b via an exit gas valve 2040, and the volume of
chamber 2020a is increased, drawing gas into chamber
2020a via an entry gas valve 2060.

[0045] As a result, pressurised gas is provided to the
via the output pipe 2030 to the liquid management portion
of the device, and when a vessel is being depressurised,
gas is drawn away from the liquid management portion of
the device to be repressurised via the input pipe 2050.
[0046] The output pipe 2030 is connected to the one or
one or more first gas pipes 1110a and the one or one or
more gas second pipes 1110b by a first switchable valve
(not shown). The first switchable valve controls which
vessels are being pressurised. The first switchable valve
is in turn controlled by a controller. The controller can be
any suitable control electronics or micro controller such
as, for example, a PLC control board.

[0047] The input pipe 2050 is connected to the one or
one or more first gas pipes 1110a and the one or one or
more gas second pipes 1110b by a second switchable
valve (not shown). The second switchable valve controls
which vessels are being depressurised. The second
switchable valve is in turn controlled by a controller.
The controller can be any suitable control electronics
or micro controller such as, for example, a PLC control
board. The controller for the second switchable valve
may be the same controller as that used to control the
first switchable valve.

[0048] The driver 2015 can powered the piston by any
suitable means. Preferably, driver is a double acting
chamber, such as a cylinder, which powers a reciprocat-
ing movement of the piston using a compressed fluid, e.g.
a gas such as air. Compressed air can also be used to
power the switching of valves. The compressed air used
to power the generator is preferably waste compressed
air from a manufacturing plant. Alternatively compressed
air can be generated using surplus electricity generated
at off peak times.

[0049] An advantage of the use of the gas manage-
ment portion and the liquid management portion is that
both the compressible and incompressible fluids are
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isolated from each other and the atmosphere. As aresult,
atmospheric conditions do not affect the unit.

[0050] While the above description sets out how a
system in accordance with the present disclosure works,
those skilled in the art will recognise that various mod-
ifications can be made, and alternatives used, without
departing from the spirit or scope of the present disclo-
sure.

[0051] For example, in the liquid management portion
1100 of the device one or more stabilizing tanks can be
connected to one or more of the piping segments. The
stabilizing tank acts to stabilize the pressure in the liquid
management portion 1100, further reducing the risk of
cavitation.

[0052] One or more of the piping segments in the liquid
management portion 1100 of the device may be provided
with one or more safety valves. Alternatively, or in addi-
tion, one or more of the piping segments in the liquid
management portion 1100 of the device may be provided
with one or more gauges.

[0053] In addition, different head hights can be mi-
micked by altering the pressure of compressible gas
provided to the divice, e.g. through suitable pressure
control valve provided between a compressed air supply
and the device or the like. By controlling the pressure of
compressed air provided to the device, the speed of the
water flowing in the device can be adjusted. As a result,
controlling the pressure of compressed air provided to
the device can be used to control the power of electricity
generated by the device (e.g. increasing the pressure of
the gas increases the power supplied by the device).
[0054] Further, the gas management portion may be
omitted and compressed air can be provided to the
vessels being pressurised directly from a storage tank.
Gas from the vessels being depressurised may be
vented to the atmosphere.

[0055] Aswill be apparentto those skilled in the art, the
size of the system, and the way it is configured, can be
varied considerably. The sizing the gas vessel 2020
relative to the sizing of the vessels 1101a-e in the liquid
management portion 1100, can act as a form of gearing.
[0056] Furtheritis envisaged that the device can gen-
erate electricity at a variety of different scales from do-
mestic use to industrial use, e.g. for a country’s national
grid, through selection of the appropriate turbines, the
vessels, the number of vessels, pipe diameter of the
piping sections and the interlinking of piping segments
devices in a sequences.

[0057] As such, the scope of the present disclosure is
not limited by the description above and is instead de-
fined by the appended claims.

Claims
1. A system for converting a compressed gassed into

electrical power comprising:
a plurality of vessels wherein the vessels are con-
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nected in a circuit by a plurality of pipe sections,
wherein:

each pipe section comprises a valve wherein the
valves are arranged to allow liquid to flow around
the pipe sections in a first direction;

each pipe section comprises a generator for
converting the flow of liquid in the pipe section
into electricity;

each vessel is configured to hold a liquid and a
gas and comprises a membrane to keep the
liquid separate from the gas; and

a controller for sequencing power generation
steps in a first sequence, wherein the device
is configured to be coupled to a source of com-
pressed gas and controller is configured to:

use the source of compressed gas to in-
crease the amount of gas in a first vessel;
and

reduce the amount of gas in a second ves-
sel such that liquid flows in the circuit,
whereby:

electrical power is generated from the flow
of liquid by at least one generator.

The system of claim 1, comprising means for con-
trolling the pressure of gas provided to the device,
wherein altering the pressure alters the power of
electricity generated by the device.

The system of claim 1 or 2, comprising a gas man-
agement portion, wherein the gas management por-
tion is configured to pump gas to the first vessel and
draw gas from the second vessel.

The system of claim 3, wherein the gas management
portion comprises at least one piston driven by a
compressed gas.

The system of any preceding claim, wherein the gas
is air and/or the liquid is water.

The system of any preceding claim, wherein the
system comprises five vessels.

The system of any preceding claim, wherein con-
troller is configured to perform a first sequence of
steps starting at a first vessel, wherein liquid is
moved from each vessel in sequence.

The system of claim 7, wherein controller is config-
ured to perform a second sequence of steps simul-
taneously with the first sequence, wherein in the
second sequence, starting at a second vessel liquid
is moved from each vessel in sequence, wherein the
first vessel is not a neighbour of the second vessel
liquid is being removed from at least two vessels
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10.

1.

12,

13.

14.

15.

while the first and second sequences of steps are
being performed.

The system of claim 8, wherein the second sequence
is half a step out of step with the first sequence
whereby liquid is constantly flowing in the circuit.

The system of any preceding claim, wherein the pipe
sections are curved to form a circle.

The system of any preceding claim, wherein the
generator is a rotary electrical generator.

The system of claim 11, wherein one or more of the
bearings, brake, seal, and any other componentin a
piping section that requires maintenance or replace-
ment can be accessed via an access port located
externally on the piping section.

The system of any preceding claim, wherein the
membrane is a diaphragm.

The system of any preceding claim, wherein one or
more of the piping segments in the liquid manage-
ment portion of the device may be provided with one
or more gauges.

A method of generating electricity in a system com-
prising a plurality of vessels wherein the vessels are
connected in a circuit by a plurality of pipe sections,
wherein:

each pipe section comprises a valve wherein the
valves are arranged to allow liquid to flow around
the pipe sections in a first direction;

each pipe section comprises a generator for
converting the flow of liquid in the pipe section
into electricity;

each vessel is configured to hold a liquid and a
gas and comprises a membrane to keep the
liquid separate from the gas, wherein the meth-
od comprises:

using a source of compressed gas to in-
crease the amount of gas in a first vessel
and

reducing the amount of gas in a second
vessel such that liquid flows in the circuit,
whereby:

electrical power is generated from the flow
of liquid by at least one generator.
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