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Device for generating hydroelectric energy.

The present invention relates te a device for gensrating

%  hydroelectric energy.

in particular the idnventicon 1s intended for generating

renewable hydreelectric energy, using waves or swell.

10 Known systems have a serious problem with working parts that
are below water level. Such working parts are very sensitive
to corresion and also toe maritime fouling such as algae and
barnacies which severely ilmpair the efficiency of the systems

and alsc reqguire a lot and difficult maintenance of sometimes

15 complex forms of moving parts.

A kind of underwater turbine is already known, whereby a
sorew, rotor or the like are placed under walter which will
start to rotate by the flow of the water and can thus gensrate

20 an electric current.

0

Such known installations show the disadvantage that turbins

U
',...I
ez

and the generators connected thereto need to be meticulous
sealed to prevent the adverse effects of exposure to the

25 water.

This not only makes the installation expensive, but also

difficult to maintain.

30 Moreover, the rotating blades of the screw, rotor or the

Like form a danger to marine life,
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The purpose of the present invention is to provide a solution
Lo at least one of the aferementioned and other

disadvantages.

To this end, the invention relates to a device for generating

hydroelectric enerqgy, using waves or the swell of a mass of

0]

water, said device containing an impeller which is rotatable
arcund a shaft and at least one electric generator group,
the drive shaft of which is coupled at least in one directicn
of rotation in a torgue transmitting manner to the impeller
shaft, whereby the device is provided with a fleoating casing
which contains twoe compartments which are partly filled with
fiuid and which via & passage are fluidly connected with
@ach other, whereby the device furthermore contains an air~
filled caisson, which has an open bottom and opens oub to
said passage and whereby in said caisson the impeller is
rotatably mounted around a shaft which extends perpendicular
to the direction of the passage and whereby the impeller is
partly mounted in the sir-filled space of the caisson and

partiy in the fluild in the passage.

& conditicon is that the device must be able to move freely

in the swelling of the water.

Thusg, the device is provided with means to convert the energy
of the swelling of the water to a motion of the impeller.
These means are formed by communicating vessels, formed by
the twe compartments which are connected at the bottom by

means of a fluid passage.
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The motion of the waves throws the device back and forth,
such that the fluid flows through the passage from the one
compartment to the other and back, such that the impeller

starts rotating.

Preferably, the air or the gas in the c¢aisson is kept under
pressure by a compresscy or the like, zuch that the level of
the fluid in the cailsson can preferably be kept constant and
preferably under the level of the impeller shaft, such that
the shaft can rotate in the dry part and only the lower
section of the impeller is driven by the flow of the fluid
in the passage on the outer contour of the impeller where
the generated torgue is greatest , while the upper sechtion
can rotate in the alr or in the gas in the caisson in a

friction-free way.

in a preferred embodiment the floating casing is held in
place at a height above the bottom of the swelling water by

means of an anchor in the botteom, such that the device can

roll freely with the wave motion and the passage between
poth compartments is lccated in the motion direction of the
waves toe have the greatest effect of the swell.

Preferably, the directicn of the anchor is such that the
waves realise a maximum effect on the communicating vessels
in the casing. This will ensure that the device is able to
chbtain hydreoslectric energy from the swelling of the water

in the most optimal way.

This provides the advantage that the impeller is isclated

from the mass of water of the sea or the like and conseguently
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i not subjected to maritime conditions, such as algae and

The fluid can be a neutrzl non-corrosive fFluid such as

distilled water or the like in which maritime bodies do not
grow well due to the lack of nutrients and/or light.

Indeed, all working parts sre inside the enclosed casing.

Preferably, the casing iz accessible via access hatches.

=

This has the advantage that the parts of the device are not

%

exposed Lo the seawater such that their construction and
more specifically their sealing will have to be less subiject

to strict reguirements. Also, the maintenance of the device

will be much easier and cheaper.

Morecver, the device i1is hidden from view, such that the

natural view 1s not disturbed.

Such device can for example be made in a vessel, provided

that the vessel is sufficiently sensitive to the wave motiocon.

Preferably, the device is used at sea, where there is

sufficient swelling.

In a preferred embodiment of a device according to the
invention, the impeller ls provided with a number of blades

at least one of which continucusly partially extends into

the fluid of the casing during cperation.
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In this way the impeller can be set in motion by the water
without it being necessary to place the impeller shaft under

water as well.

In another embodiment the impeller shaft is not in the water.

This offers the advantage that the device is wery sinple
which makes 1its construction affordable. Apart from the
biades of the impeller there are no other moving parts under
water, such that therefore no extra attentlion is necessary
Tor seals and cother prevention measures to prevent the

damaging =ffects of the seawater.

Preferably, the generator and the compressor are housed in

a dry section of the internal space of the casing, such that
no extra high demands need to be set on these components in

terms of molsture resistance.

In a further preferred embodiment of a device according to
the invention, the drive shaft of at least one generator
ctates with fthe impeller shaft in a first direction of
rotation and 1s freely vrotatable 1in the other sscond
direction of rotation and the drive shaft of at least one
generator which is freely rotatable in the first direction
of rotaticon rotates in the second direction of rotation with

the impeller shaft.

In another preferred embodiment of 3 device according to the
invention the generator contains a freewheel which alliows a
free rotaticon in one direction and forms a non-rotatable
<

coupling in the other directicn of rotation.
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The device can be provided with a transmission between the
generator and the impeller shaft and contains a mechanism to
reverse the direction of rotation of the shaft of the
generator in relaticn to the impellier to ensure that the
generator is always driven in the same direction of rotation,

regardless of the direction of rotation of the impeller.

In & preferred embodiment ¢f a device according te the
invention, all parts of the device which come inte contact
with the water are treated with a non-toxic cocat of paint
pased on & surface-itreated composite coating, genre

Ecospead®.

Such coeoating will ensure that any fouling of slime, algae

egte. of said parts can be easily removed.

Morecver, such coating offers a very good protection against
corrosion, such that the metal components can be made thinner
because possible damage by corrosion does not have to be

taken into account.

The invention also relates to a series of devices whereby
they are placed in the waves at a distance from each cother
sgen in the direction of the waves and spread over such a
distance that at least one device is always in a zone with

swelling.

. £

With the intention of betiter showing the characteristics of

the invention, a preferred embodiment of a device for
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generating hydroelectric energy according to the inventic

is described hereinafter, by way of an example without any

limiting nature, with reference to the accompanying

drawings, wherein:

43

b

figure 1 schematically shows a2 preferred embodiment of

a device according to the inventicn for generating

hydroelectric energy whereby the device is mounted

a swelling medium;

figure ZA 2 shows & cross-section according to iine I1I-

I1 of figure 1:

Figure 2B shows a cross-saction as that of figure 23,

but for an alternative embodiment according to the

5 invention:

figure 3 shows a cross-section according to the line

IIT-IIT in figure 2A;

figure 4 shows the cross-section of figure ZA during

operation in a swelling medium with waves coming from

(o]

the left: and
figure 5 shows an analogue figure as that of figure

but with waves coming from the right.

N

Figure 1 shows a device 1 according to the inventicn which

1

{1
e
=
]
W
4]
O
Py

N has been floatingly placed on

water 2 with

swelling, for example on a sea. The device 1 fleoats on the

water and 1ls anchored to the bottom ¢f the mass of water by

means of an anchor 3 te stay in place and to not fioat away.
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The anchor 3 is such that the device 1 can still roll freely
around a rolling awis X-X' which is perpendicular to the

notion direction LE of the waves 4.

The device 1 consists of a floating closed casing 5 with two
separate compartments & and 7 therein on either side of the
rolling axis X-X' located betwesn said compartments 6 and 7.
The compartments & and 7 are partly filled up to a certain
level B, respectively 9, with a fluid 10 and are connecied

to each other as communicating vessels via a passage.

The fluid is distilied water, for example.

The compariments & and 7 are provided with ventilation holes
1z.

In the casing & between the compartments € and 7, a calsson
13 is provided in the form of a clock with an open bottom 14
which opens to said passage 11.

The cailsson 13 ds filled with air or with ancther gas which
by means of a compressor 15 or another means is kept under
pregsure, such that the level 16 of the fluid 10 in the
caisson 13 is kept as low as possible under the levels & and

9 and preferably constant. To this end a pressure is

necessary equal to the pressure of a fiuid column with height
H which, in the positicn of figure 22, is egual to the

difference in level between the level 9 of the fluid 10 in

the compartments and the desired level 16 in the calsson 13.
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The caisson 13 is hermetically sealed at the top, but is

1

provided with an access hateh 17 to provide access to

maintenance staff which can descend intc the casin

ladder 19 via a second access hatch 18,

& water turbine in the form of an impeller 20 is located in
the caisson 13 which is rotatably wounted around a shaft 21
which extends perpendicular to the direction of the passage
11, whereby the impeller 20 is mounted partly in the air-
filled space of the caisson 13 and with its lower blades 20°

in the fiuid in the passage 11.

In this case, the blades 20’ are radial blades which extend

paraliel with the shaft 21.

v

Preferably, the shaft 21 1s located at a certain helght above
the level. The impeller 20 is designed in such & way that it
partly extends in the fluid in the passage 11 and partly in
the air in the calsson 13, whereby at least one of said
bladez 14 continuously extends at least partiailly in the
water.

:

The device can also contain more than one impeiler 20 as in

~

the example ¢of figure 3 in which several impellers Z

(o]

are
s2t up next to and/or behind each other.

n the arrangement of flgure 3 there iz 2 separate passage
12 for every impeller 20 to channel the fluid between the
compartments ¢ and 7. The shafts 13 of the different
impellers 20 are in e=ach other's extension, although that is

no necassary.
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The device 1 is further provided with one or more generators

7.

5]

22 which can ke driven by the one or more impellers 20 vi

a chain drive 23 or ancother drive which may contain a

3

transmission 24 which may be designed such that for example

[&5]

N

the drive shaft drives the gensrators 22 faster than the

respactive impellers 20.

w

Preferakly, the generators 22 and the transmissions, as well
as the compresscr 15 are located in a dry ssction 25 of the

internal space of the casing 5.

Preferably, the casing o has the form of & bar with a wider
t at the bottom in the form of wings 26, as shown in the
figures. 3ald form is advantageous for the stability and for
abscrbing the wave motion of the mass of water 2 and
converting it in a motion of the fluid 10 in the casing 5 as
will be explained hersafter bpased on the figures 4 and 5
between the communicating vessels or compartments & and 7.
Figure 4 shows a crosgs-—section according to the line II-IT
in figure 1 whereby the device 1 is mounted in a sweilling
medium 2 with waves 4 which move to the right in the figure
ag indicated by arrow R, with a swell which preferably is
oriented perpendicular to the longitudinal direction ¥X-X7 of

the casing 4.

When the device 1s mounted in the waves 4 the swell will
roll the casing 5 arocund its longitudinal axis X-X', such
that the swell is transferred to the fluid 10 in the casing

5 and initially the water level & in the left compartment is
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higher than the water level 2 in the right compartment space
g7,

By the eiffect of the communicating vessels the water of the
left compartment 6 flows wvia the passage 11 to the right
compartment 7 in the direction of the arrows O in figure 4,
such  that the impeller 9 will start rotating in said

direction and consequently the generator 7 is driven in the

direction of rotation D to generate electricity.

The ventilatlion holes 12 prevent that in the left compartment
6 the air could be conmpressed and create a vacuum in the
right compartment, which would counteract the motion of the

fluid between the communicating vessels.

When a wave 4 has passed, the device 1 will roll in the other

[0}

direction as shown in figure &5, such that the level 8 will

By

new be lower than the level 9 and the water will flow back
in the direction of the arrows €7 in figure 5, such that the

impeller 20 will be driven in the other direction.

Preferably, a freewheel 1is provided in the transmission 24
which when the fluilds flow back in the direction ¢ can
rotate the impelier 20 freely without the generator Z2 being
driven, all this to ensure that the impeller 20 in said
situation does not form an obstacle for the fluid flowback

nd the generator 22 is driven in only one single direction

D, be it with intervals of the succession of the waves.

The succession of the waves means that during certain periods

the impeller 20 is driven in one direction of rotation around
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its shaft 21 and in other periods in the reverse direction
-

of rotation and the generator group 7 will only generate

electricity in cone out of the twoe pericds.

To still be able to gensrate slectricity continuously, the
device 1 can be concelved such that when the freewheel of
one impellier 20 works in one direction, the freewheel of
another impesller 20 works in the other direction, such that
one generator Z2 of both impellers 20 supplies electricity
during one period, while in the folleowing period in which
sald generator 22 does not supply electricity it is the other
generator 22 which does supply electricity in this periocd.

Thus, currenit peaks are smoothed out.

The use of batteries to store the electricity can also help

to smocth out the current even further.

Ancther way, instead of using freewheels, is to switch the
__ ht L4

transmissicn 24 such that the input shaft of the transmission

24 is driven in any direction, while the output shaft is

always driven in the same direction D.

Preferably, the width of the blades 207 is slightly less
than the width of the passage 11 such that there iz only
ittle lateral play between the blades 20 and the passage
11 and the blades consequently get to process the whole flow

through the passage 11. Analogously, preferably there is

3

iittle play between the outer contour of the impeller 20 and
the bottom 27 of the passage to allow as little fluid flow
to leak away unutilised next to and under the impeller 9 and

the hydrauiic flow pressure of the water is thus utilised t
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a maximum extent to drive the impeller 9,

The generated energy of one or several devices 1 can for
example be transmitited via a cable to an inverter on the
guay. This can be realised by fittingly connecting ons or

several generator groups with each other.

The present dnventlion is by no mnmeans limited to the
embodiments described as an example and shown in  the
drawings, but a device and method according to the inventicon
as defined by the c¢laims can be realised in all kinds of

variants without departing from the scope of the invention,
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1. Device for generating hydreelectric energy, using waves
5 (4} or the swelil of a mass of water {2}, said device
(1} containing an impeller (20} which 1s rotatable
around a shaft {21} and at least one electric generator
(22}, the drive shaift of which is coupled at least in
ong direction of rotation in & torgue transmitting
10 nanner to the shaft {21} of the impeller (20}, whereby
the device (1} is provided with a floating casing {5}
which contains two compariments {6 and 7) which are
partly filled with fluid and which via a passage {11}
are fiuidly connected with each other, whereby the
ih device ({1} furthermore contains an air- or gas-filled
caisson {13}, which has an open bottom {(14) and opens
out to saild passage {11}, whereby in said caisson {13}
the impeller (20} is rotatably mounted arcund a shaft
(21} which extends pergendicular to the direction of
20 the passage {11} and whereby the impeller (20) is partly
mounted in the alr- or gas-filled space of the calsson
{13) and partly in the fluid (10} in the passage (12},
characterised in that the air or the gas in the calsson
{13} is under pressure due to a compressor or the like.
25

5

. Device according to claim 1, characterised in that th

]

ltevel of the fluid (10) in the passage {11} is kept

constant.
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Device according to any one of the previocus claims,
characterised in that the compartnments are provided

with & ventilation hole {12).

Device according te any one of the previcus claims,
characterised in that the casing (5} iz hermetically

n

sealed with the possible excepition of ventilation holes

¢

{12} for the compartments (& and 7).
Device according to any one of the previous claims,
characterised in that the device (1) is anchored to

(!

stop it fleoating away in such a way that the device can
still freely roll in the swelling {4) around a rolling
axis {¥-¥X’; perpendicular to the motion direction of

the waves {(4).

Device according to ¢laim 5, characterised in that the
rolling axis {X-X7} is locsated between the compartments

(6 and 7).

Device according to any one of the previcus claims,

characterised in that the shaft (21} of the impeller

[N
o

is perpendicular to the passage direction of the
rassage {11).
Device according to claim 7, characterised in that the

shaft (21} of the impeller (20} is located above the

L

level of the open bottom {14 ¢f the caisson {13},

H
O

preferably above the level of the fluid {10} in
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Device according to any one of the previous claims,
characterised in that the impeller (20} is provided
with & number of blades {(207) at leaszt one of which
continucusliy partially extends in the fiuid (10} in the

rvaszage {11} during operation.

. Device according to claim 2, characterised in that

the blades (207} of the impeller (20) are perpendicular

to the passage direction of the passage (11).

. Device according to claim 9 or 10, characterised
in that the blades {20} are flat blades which are

radially mounted on the shaft (21) of the impelisr (20}.

. Device according to any cne of the previcus claims,

characterised in that the casing {4}, seen in cross-

section perpendicular to the shaft {(21) of the impeller,

\

is wider at the bottom than at the top.

. Device according to any one of the previous claims,

-

iz located in

2
o
et

characterised in that the generator {2

a dry section {Z5) in the internal space of the casing

{5

- Device according o any one of the previous claims,

characterised iIin that several impellers {20} are
provided in one casing (5}, whereby the impeliers (20)
are parallel to each other with their shafts {(21) and

relative te the direction of the waves {4) are placed
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behind or nexit to each other.

15. Device according to any one of the previocus claims,
characterised in that the drive shaft of at least one
5 generator {22} rotates with the shaft (21} of the

impeller (20} in a first direction of rotation and 1

0]

freely wrotatable in the other sscond direction of
rotation and that the drive shaft of a2t least one
generator (22} which iz freely rotatable in the first
18 direction of rotation rotates with the shaft (207) of

the impeller {20} in the second direction of rotation.

ig. Device according to any cne of the previous claims,
characterised in that the generator ({22} contains a

15 freewheel which allows a free rotation in cne direction
and forms a non-rotatakble coupling in the other

direction of rotation.
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