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APPARATUS FOR PRODUCING ELECTRICITY FROM A MOVING FLUID AND METHOD

Technical field

The present invention relates to energy production from renewable resources, and in par-
ticular, it relates to an apparatus for producing electricity from a moving fluid and a re-

lated method.

Background

There is an increasing desire to produce electrical energy from renewable resources such
as wind and water. Wind turbines are widely used to capture the kinetic energy in wind
by use of rotatable blades to drive a turbine. Using rotating blades to capture the wind
energy has certain drawbacks, including for example causing death to birds, causing noise
pollution and being visually disruptive for living life. The rotating parts typically have to

cope with large forces and stress and may have a limited lifetime.

Various attempts have been made to produce electrical energy from wind without using
rotating blades. The article “On the efficiency of energy harvesting using vortex-induced
vibrations of cables” by Grouthier, Michelin et al. published in the Journal of Fluids and
Structures (Volume 49, August 2014) discusses three arrangements, the first one compris-
ing an elastically mounted rigid cylinder set in motion by the wind, the second one com-
prising a tensioned cable with distributed energy harvesters attached to the tensioned ca-
ble, and the third one comprising a hanging cable with a single energy harvester. The
study aimed to compare the three arrangements in terms of their ability to harvest en-

ergy from low velocity geophysical flows.

Summary of the invention

According to a first aspect of the invention, there is provided an apparatus for producing
electricity from a moving fluid, the apparatus comprising:

- an elongated body having a longitudinal axis, the elongated body being arranged to be
attached to the ground or seabed and exposed to the moving fluid;

- at least one tensioned cable, which is supported in tension from the elongated body,
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and which is arranged at least in part inside the elongated body and further arranged to
oscillate or vibrate upon oscillation of the elongated body; and
- at least one energy harvester for converting kinetic energy of the at least one oscillating

or vibrating tensioned cable to electric energy.

The elongated body may be attached to the ground, in use. The elongated body may ex-
tend vertically upward from the ground, in use. The elongated body may be positioned
fully or partially in water. The elongated body may be fixed to a floating object, such as a
barge, which is fixed to the ground or the seabed. The moving fluid can be or can com-

prise any of: water, air, and gas.

Typically, the at least one tensioned cable is arranged at least in part along the longitudi-
nal axis. Typically, all of the at least one tensioned cable is arranged along the longitudinal

axis.

Typically, the at least one energy harvester comprises at least one magnet and at least

one coil.

Typically, a first end of the tension cable is attached to the elongated body and may be
advantageous in that kinetic energy of the elongated body can be transferred to the at
least one tensioned cable making the at least one tensioned cable oscillate relative to
both the elongated body and the ground or seabed. The oscillations of the at least one
tensioned cable may be converted to electric energy by using the at least one magnet and

at least one coil.

The at least one magnet may be set in motion by the at least one tensioned cable and
move relative to the at least one coil. The at least one coil may be attached to the ground
or the seabed and be stationary relative to the ground or the seabed. The at least one coil

may be connected to the elongated body.

Typically, the elongated body comprises a cylindrical structure arranged to be exposed to

the fluid in use.
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The cylindrical structure may be advantageous in that it may induce vortex forces when
the fluid passes the elongated body. The vortex forces may set the elongated body in mo-

tion. The elongated body may have a substantially tapered shape.

Typically, an end of the elongated body can be attached fixedly to the ground in use, the

elongated body further extending vertically from the ground and being exposed to wind.

Typically, the apparatus further comprises damping means, which can be attached to a

lower end of the elongated body in use.

The damping means may prevent fatigue of the elongated body.

Typically, the at least one tensioned cable has an end which is fixedly secured to the elon-

gated body.

Typically, the at least one tensioned cable has another end which is fixedly secured to or

near the ground.

Securing the second end to or near the ground can be advantageous in that it can provide
a nearly static fixing point for one end of the at least one tensioned cable. When the first
end of the at least one tensioned cable is moved by the elongated body, this imposes
waves moving along the at least one tensioned cable. Fixedly securing the at least one

tensioned cable makes the waves reflect, so that kinetic energy is preserved.

Typically, the at least one energy harvester is positioned inside the elongated body.

Typically, the apparatus further comprises a support body for supporting at least a part of
the energy harvester, the support body being arranged inside the elongated body and ex-

tending along the longitudinal axis.

The support body may be secured at one end to the ground, in use. The at least one coil
may be attached to the support body. The support body can be advantageous in that it
can provide a stationary support for the at least one coil inside the elongated body, so

that the at least one magnet may move relative to the at least one coil.
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Typically, the at least one energy harvester further comprises a vibration capture means

for capturing at least part of the kinetic energy of the at least one tensioned cable.

The vibration capture means may be attached to the at least one tensioned cable. The vi-
bration capture means may have a mass of 0.1 kg or greater. The energy capture means
may have a mass of 1 kg or below. The energy capture means may have a mass of 1 kg or
greater. The energy capture means may have a mass of 5 kg or less. A mass above 0,1 kg
may be advantageous in that when the mass is set in motion by the oscillating cable, it
can carry a significant momentum which can provide a more stable oscillation of the vi-

bration capture means.

Typically, the at least one energy harvester further comprises a vibration capture means
comprising the at least one magnet, and a conversion means comprising the at least one
coil, the vibration capture means being arranged to be set in motion by the at least one
tensioned cable and to move relative to the at least one coil. The coil can be a horizontal
coil or a vertical coil. The coil can be fixedly disposed on the support body. For example,
the coil can be integrated into a wall structure of the support body. The horizontal coil
may be wound about a horizontal axis and the vibration capture means can be configured
so that the magnet is movable in a direction along the horizontal axis e.g. in a central re-
gion of the coil. The vertical coil can be wound about a vertical axis. The vibration cap-
ture means can then be configured so that the magnet is movable in a direction substan-
tially parallel to the windings of the coil. Advantageously, several coils with vertical axes
can be provided in different positions around a circumference whereby the magnets can
oscillate horizontally, resulting in direct drive conversion of vibrations to electrical energy
in the coils, which can allow conversion in several directions without requiring to adjust

the direction of the apparatus with changing wind direction.

Typically, the vibration capture means further comprises a first capture means and a sec-
ond capture means, the first and second capture means being arranged to transfer hori-

zontal movement to vertical movement, wherein the first capture means is fixed to the at
least one tensioned cable and the second capture means is attached to the support body

and arranged to move vertically in use.
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Typically, the support body is fixed to the ground and arranged to be static relative to the

elongated body.

Converting horizontal movement to vertical movement can be advantageous in that it
may enable the energy harvester to capture oscillations in any horizontal direction and
convert it to oscillation in one direction, namely vertical. When the magnets oscillate ver-
tically, they may induce electric currents in the coils attached to the support body. Hence,
one can avoid adjusting the direction of the apparatus with changing wind direction. Typi-
cally, the support body is an internal part of the elongated body or is attached to the

elongated body.

According to a second aspect of the invention, there is provided a method of producing
electric energy from wind by use of the apparatus in accordance with the first aspect of

the invention.

Detailed description

There will now be described, by way of example only, embodiments of the invention, with

reference to the accompanying drawings, in which:

Fig. 1 shows an apparatus for producing electricity from wind;

Fig. 2 shows a vertical intersection of the apparatus including a detailed image of
an end cap;

Fig. 3 shows a detailed vertical intersection of an energy harvester;

Fig. 4 shows the vertical intersection in Figure 3 slightly rotated.

Fig. 5 shows a vertical intersection of an alternative embodiment of an energy

harvester; and

Fig. 6 shows a schematic diagram of an alternative embodiment of an energy

harvester.

In the description the terms lateral and horizontal are used to specify directions that are
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mainly horizontal. The term vertical is used to indicate directions that are mainly vertical.
Upwards, downwards, vertical and horizontal, are used to indicate directions of the appa-
ratus 100 when mounted vertically on the ground. Similarly, upper and lower refer to the

harvester 100 when mounted vertically on the ground.

The apparatus 100 shown in Figure 1 comprises an elongated body 1 and a base 2. The
base 2 is fixedly attached to the ground 9. The elongated body 1 is attached to the base 2
and extends vertically upward from the base 2 between first and second ends of the elon-
gate body 1. The elongated body 1 is arranged to vibrate or oscillate when exposed to

wind.

As shown in Figure 2, the apparatus 100 further comprises a tensioned cable 5 arranged
inside the elongated body 1. The tensioned cable 5 can be a wire, rope made of polymer
or organic fibres, or any non-rigid wire, string, cable or rope that can vibrate or oscillate.
The tensioned cable 5 has a first end 51 attached to the elongated body 1 at or near an
upper end and a second end 59 attached to the base 2. The elongated body 1 is arranged
to induce vibration of the tensioned cable 5. An energy harvester 6 is arranged inside the
elongated body 1 for converting kinetic energy i.e., vibration of the tensioned cable 5, to

electrical energy.

Referring again to Figure 1, the elongated body 1 is generally cylindrical, i.e., has a cylin-
drical structure 12. The cylindrical structure 12 has a longitudinal axis X1. An elongated
cavity 122 is arranged coaxially with the axis X1. The elongate body further comprises an
end cap 11 fixedly attached to a top end portion 121 of the cylindrical structure 12,

thereby closing the upper end of the cylindrical structure 12 and sealing the cavity 122.

The base 2 comprises a cylindrical housing 21 and a foundation 29 through which the
base is connectable to the ground. In the example, the foundation 29 comprises a circular
plate 291 with holes (not shown) for fixing the foundation 29 of the base 2 to the ground
9. The circular plate 291 is fixed horizontally to the ground 9. The cylindrical housing 21 is
attached to the foundation 29 by joining and fixing the housing 21 concentrically onto the
plate 291. A diameter of the cylindrical housing 21 is arranged to enclose a lower portion

of the cylindrical structure 12 of the elongate body 1 thereby securing the elongated body
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1 to the base 2. The cylindrical structure 12 and the cylindrical housing 21 form a continu-
ous hole along the axis X1. In this example, the cylindrical housing 21 comprises a damp-
ing means 211 for preventing fatigue of the cylindrical structure 12. In the example the
damping means 211 comprises a cylindrical metal bellows 212. As shown in Figure 2, the
metal bellows 212 is attached to a lower part 219 of the cylindrical housing 21 by a flange
connection 215. In other examples, there is no such damping means 211 used or re-

quired.

Figure 2 shows the first end 51 of the tensioned cable 5 arranged inside the cavity 122 of
the elongated body 1. The end cap 11 comprises a cable tensioner 13, comprising a piston
head 131 which is movable inside the end cap 11 along the longitudinal axis X1. Fluid
channels 132 are arranged in the end cap 11 for biasing the piston 121 upwards. A nut
111 and bolt 112 is connected to an upper end of the piston head 131 to secure the first
end 51 to the end cap 11, thereby allowing adjusted tensioning of the cable 5 by use of

the piston 131.

Figure 2 further shows the second end 59 of the tensioned cable 5 attached to the base 2,
thereby providing a stationary fixing point for the second end 59 of the tensioned cable 5.

Thus, the cable 5 is tensioned between the fixing points at the upper and lower ends.

In some embodiments, the cable tensioner 13 is positioned in the base 2 of the appa-
ratus. In this case, the first end 51 is fixedly secured to the end cap and the second end 59
is secured to the piston head 131 in the base 2. Having the cable tensioner 13 in the base

can make adjusted tensioning of the tensioned cable 5 easier.

In use, wind passing the cylindrical structure 12 results in a change in pressure around the
cylindrical structure 12 and sets the elongated body 1 in motion so that it oscillates with
the upper end moving back and forth. The oscillation affects the first end 51 thereby im-
posing wavelike motions upon the tensioned cable 5. Hence, the tensioned cable 5 moves
or vibrates relative to both the ground 9 and to the elongated body 1. This relative move-
ment can be utilised to produce electric energy by use of one or more energy harvesters 6

arranged inside the elongated body 1.
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Figures 3 and 4 show the energy harvester 6 in further detail. The energy harvester 6 is
arranged to convert movement of the tensioned cable 5 to electrical energy. The energy
harvester 6 comprises a cylindrical support body 69 rigidly attached to the base 2 as
shown in Figure 2. In the example, the support body 69 extends approximately halfway
along the elongated body 1. In other examples the support body 69 may have alternative

positions along the elongated body 1.

The energy harvester 6 further comprises a vibration capture means 60, and a conversion
means 65 for converting kinetic energy to electric energy. The vibration capture means 60
comprises a first capture means 61 and a second capture means 62 arranged inside the
support body 69. The first capture means 61 is arranged to capture the energy of the hor-
izontal vibrations by moving horizontally with the tensioned cable 5. The horizontal move-
ment of the first capture means 61 is converted to vertical movement of the second cap-

ture means 62 by using oppositely oriented magnets.

The first capture means 61 is mounted on the tensioned cable 5 so as be movable later-
ally as the tensioned cable 5 moves laterally. The first capture means 61 comprises a disc
611 and three first magnets 612 fixed to the disc 611. The tensioned cable 5 extends
through a centre of the disc 611 which is fixed to the tensioned cable 5 so that the disc
611 moves with the tensioned cable 5. The first magnets 612 are spaced apart on the disc
611 and arranged so that one pole is directed upwards and the opposite pole downwards.
The first capture means 61 further comprises a first ring 619 enclosing an internal circum-
ference of the support body 69. The first ring 619 is fixed to the support body 69. The disc

611 is coupled to the first ring 619 via elastic bands 615.

A second capture means 62 is supported on the inside of the support body 69 above the
first capture means 61. The second capture means 62 further extends around the ten-
sioned cable 5 and has a hole through a centre arranged for permitting free movement of
the tensioned cable 5 laterally as it vibrates. The second capture means 62 further com-
prises three second magnets 622 oriented in opposite directions to the first magnets 612.
So, as will be explained further, when the tensioned cable 5 moves, the position of the

first magnets 612 are moved away from the second magnets 622, so that a repulsion
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force between the opposing sets of first magnets 612 and second magnets 622 fluctuates
and transfers the lateral movement of the tensioned cable 5 to vertical movement of the

second capture means.

The second capture means 62 comprises a central ring-shaped structure 620 with arms
621 attached. The arms 621 have one or more magnets 623 attached on an outer portion
of the arms 621. The second capture means 62 further comprises a circular support struc-
ture 629 fixedly attached to the support body 69. The support structure 629 has a hole
through the centre to allow free movement of the cable 5. The ring-shaped structure 620
is attached to a lower part of the support structure 629 via four springs 625. The springs
625 are arranged around the longitudinal axis X1 and compress or extend in the direction

along the axis X1 to allow for vertical movement of the second capture means 62.

The first capture means 61 is said to be centred when the centre of the disc 611 is aligned
with the longitudinal axis X1. The magnets 612 and 622 are arranged so that when the
first capture means 61 is centred, each of the of the first magnets 612 has a second mag-
net 622 directly above it, i.e., that the centre axis” of the magnets are aligned. The second
magnets 622 is oriented in the opposite direction of the first magnets 612 so that the first
magnets 612 and the second magnets 622 repel each other. The repulsion is strong when

the magnets are close and weakens when the first magnets 612 move away.

When the tensioned cable 5 oscillates or vibrates, the first magnets 612 move in a hori-
zontal direction as they are a part of the first capture means 61. The second magnets 622
observe a varying magnetic field causing the second capture means 62 to move vertically.
Since the directions of the first magnets 612 and the second magnets 622 are opposite,
the second capture means 62 is pushed upwards when the first capture means 61 ap-
proaches the centre of the support body 68. Gravity and/or the springs 625, pulls and/or
pushes the second capture means 62 downwards when the first capture means 61 moves
away from the centre of the support body 68. This way, movement of the tensioned cable
5 and the first capture means 61 in any horizontal direction is converted to vertical move-

ment of the second capture means 62.

Conversion of the vertical movement of the second capture means 62 to electric energy is
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obtained by the magnets 623 of the second capture means 62 moving relative to the con-
version means 65. The conversion means 65 is arranged inside the support body 69 at the
same height as the magnets 623. The conversion means 65 comprises a second ring 650
enclosing a circumference of the support body 69. The conversion means 65 further com-
prises a plurality of coils 692 arranged circumferentially on an inside of the second ring
650. The coils 692 are directed so that a centre axis of each of the coils is parallel to the
tangent of the circumference of the second ring 650 as shown in Figures 3 and 4. Further-
more, the coils 692 are arranged so that each of the magnets 623 extends into a spacing

between two neighbouring coils 692.

As shown in the figures, the energy harvester 6 in this example has another set of second
capture means 62’ and conversion means 65’ arranged inside the support body 69 below
the first capture means 61. It operates the same way except the another set is turned 180
degrees upside down compared to the second capture means 62 and the conversion
means 65. Having two sets of second capture means 62 and conversion means 65 can be
advantageous in that the first magnets 612 observe opposing magnetic forces, so that

vertical motion of the first capture means 61 can be prevented.

When the second capture means 62 oscillate vertically relative to the coils 692, a varying
magnetic field induces an electric current in the coils 692. The coils 692 are connected to
a battery (not shown) or an electricity net (not shown) so that the electricity can be uti-

lized. An arrangement for making hydrogen gas from the produced electricity by electrol-

ysis may also be employed.

Several energy harvesters 6 can be employed inside the elongated body 1. Preferably, the
positioning of the energy harvesters 6 are based on the pattern at which the waves travel
on the tensioned cable 5. Furthermore, the tension of the tensioned cable 5 can be
changed to adjust the oscillation pattern. In some examples the tension of the cable 5
may be adjusted to create standing waves where the energy harvesters 6 are positioned
close to antinodes for the standing waves, i.e., in the middle of two nodes. If the average
wind speed results in one antinode, one energy harvester 6 positioned in the centre of

the cavity 122 is typically employed. In the case of two antinodes, two energy harvesters
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6 are employed, one 1/3 into the cavity 122 and the other 2/3 into the cavity, etc.

Arranging the energy harvesters 6 as described above with reference to the drawings al-
lows vibration of the cable 5 in any horizontal direction to be converted into movement in
one direction, namely vertical. This enables production of electrical energy regardless of

the direction of the wind or the direction of the oscillations of the elongated body 1.

In another example, the energy harvesters 6 are arranged to convert horizontal move-

ment directly to electrical energy, see Figures 5 and 6.

An arrangement for this is shown in Figure 5 where an energy harvester 6 comprises a
horizontal magnet body 71 and a coil arrangement 72. A centre of the horizontal magnet
body 71 is attached to the tensioned cable 5. The magnet body 71 is elongated in a hori-
zontal direction with two magnets 711 attached thereto, one in each extremity of the
magnet body 71. The coil arrangement 72 comprises two coils 721 attached to the sup-
port body 69. The coil arrangement 72 is arranged to receive each of the magnets 711
and to produce electricity when the magnet body 71 moves with the tensioned cable 5.
The energy harvester 6 in this example requires the tensioned cable 5 to move in one di-
rection, defined by the direction of the coils 721. To adjust for different wind directions,
an arrangement for rotating the support body 69 can be employed. The coils 721 in this

example are horizontal coils.

Another arrangement for this is shown in Figure 6, where an energy harvester 6 com-
prises a horizontal magnet body 71 and a coil arrangement 72. A centre of the horizontal
magnet body 71 is attached to the tensioned cable 5. The magnet body 71 is elongated in
a horizontal direction with two magnets 711 attached thereto, one in each extremity of
the magnet body 71. The coil arrangement 72 comprises coils 721 attached to the support
body 69. The coils 721 in this example are vertical coils with windings about the vertical
axis, and the magnets 711 pass into a region 731 between the coils 721 to produce elec-
tricity when the magnet body 71 moves with the tensioned cable 5. The horizontal move-
ment of the magnet body 71 enables the magnets 711 to interact with the coil arrange-
ment 72. In contrast to Figure 5, the energy harvester 6 in this example of Figure 6 does

not require the tensioned cable 5 to move in one direction, since the magnet when in the
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region between the coils is not restricted by the coils 721.

The apparatus 100 may also be used to produce electrical energy from water currents and
water waves. When placed in water, the forces acting on the elongated body 1 can be
stronger than when exposed to wind. Hence the dimension of the cylindrical structure 12
can be made smaller and the elongated body 1 may be secured in both ends. In this case
two tensioned cables 5 can be arranged inside the elongated body 1, so that first ends 51
of the tensioned cables 5 are secured to a middle portion of the elongated body 1, the ca-
bles 5 extending in opposite directions along the elongated body. The elongated body 1
may also extend horizontally, vertically or in any direction suited to take up the energy
from the water. In some embodiments, multiple tensioned cables 5 can be arranged
transversal to the longitudinal axis X1 of the elongated body. In this case, the tensioned
cables 5 are secured in both ends to an inside of the cylindrical structure 12. When the cy-
lindrical structure 12 is set in motion by the passing water, both ends of the tensioned ca-
ble 5 are set in motion. Multiple energy harvesters 6, one for each tensioned cable 5, are
in this example arranged on a rigid bar extending along the longitudinal axis X1 inside the

cylindrical structure 12.

In some variants, the single tensioned cable 5 does not need to pass through the energy
capture means and may be replaced by a first cable which extends from the first fixing
point at the end cap to the first energy capture means and a second cable which extends
from the first energy capture means to the second fixing point at the base. Clearly also,
the energy conversion can be configured in a variety of other ways using the vibrations of
the cable(s) with an energy conversion device on the cable(s), once the oscillations of the
elongated cylindrical body set the cable(s) with the energy conversion device on the ca-

ble(s) into vibration.
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Claims

Apparatus for producing electricity from a moving fluid comprising:

- an elongated body having a longitudinal axis, the elongated body being ar-
ranged to be attached to the ground or seabed and exposed to the moving fluid;
- at least one tensioned cable, which is supported in tension from the elongated
body, and which is arranged at least in part inside the elongated body and fur-
ther arranged to oscillate or vibrate upon oscillation of the elongated body; and
- at least one energy harvester for converting kinetic energy of the at least one

oscillating or vibrating tensioned cable to electric energy.

The apparatus according to claim 1, wherein the at least one tensioned cable is

arranged at least in part along the longitudinal axis.

The apparatus according to any one of the preceding claims, wherein the at least

one energy harvester comprises at least one magnet and at least one coil.

The apparatus according to any one of the preceding claims, wherein the elon-
gated body comprises a cylindrical structure arranged to be exposed to the fluid

in use.

The apparatus according to any one of the preceding claims, wherein an end of
the elongated body is attached fixedly to the ground in use, the elongated body

further extending vertically from the ground and being exposed to wind.

The apparatus according to any one of the preceding claims, wherein the at least

one tensioned cable has an end which is fixedly secured to the elongated body.

The apparatus according to any one of the preceding claims, wherein the at least
one tensioned cable has another end which is fixedly secured to or near the

ground.

The apparatus according to any one of the preceding claims, further comprising a

support body for supporting at least a part of the energy harvester, the support
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body being arranged inside the elongated body and extending along the longitu-

dinal axis.

The apparatus according to any one of the preceding claims, wherein the at least
one energy harvester further comprises a vibration capture means for capturing

at least part of the kinetic energy of the at least one tensioned cable.

The apparatus according to any one of claims 3 to 9, wherein the at least one en-
ergy harvester further comprises a vibration capture means comprising the at
least one magnet, and a conversion means comprising the at least one coil, the
vibration capture means being arranged to be set in motion by the at least one

tensioned cable and to move relative to the at least one coil.

The apparatus according to claim 10, wherein the coil is a vertical coil or a hori-

zontal coil.

The apparatus according to any one of the preceding claims, the vibration cap-
ture means further comprising a first capture means and a second capture
means, the first and second capture means being arranged to transfer horizontal
movement to vertical movement, wherein the first capture means is fixed to the
at least one tensioned cable and the second capture means is attached to the

support body and arranged to move vertically in use.

The apparatus according to any one of the preceding claims, wherein the support
body is fixed to the ground and arranged to be static relative to the elongated

body.

A method of producing electric energy from wind by use of the apparatus

claimed in any one of the preceding claims.



