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Ocean Waves Hydro-Electric Power Station using a Gravitational
Electrical Generator on Magnetic Fluid Cushion
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Abstract: - After a short introduction in the general problem of capturing the energy of the ocean waves the
paper describes the hydro-electric power station based on the gravitational electrical generator on magnetic
fluid cushion. This is constructed from a permanent magnet in a magnetic fluid shell, which, under the action of
the ocean waves, is moving by translation inside a hermetically sealed tube. The transformation of the kinetic
energy of this permanent magnet in electrical energy is possible using some electrical coils placed in the
exterior of the tube and connected in an electrical circuit described in the paper. We present a possible way of
placing the gravitational generator on the waves and a comparison of this energetic system with similar ones.

Key-Words: - Magnetic fluid, Ocean waves energy, Hydro-electric power station, Electrical generator, Clean
energy, Renewable energy, Alternative power sources.

1 Introduction
Since more than 200 years the humanity has
considered the importance of the sea and ocean
waves energy and has tried to capture this energy
and to express mathematically the profile of the
waves. The first recorded patent was granted in
1799 to a Frenchman, M. Girard ([1]) and the first
important mathematical model was realized by a
Czech, Gerstner, in 1804. A special activity in this
research field was developed in the eighties of the
twentieth century when the price of oil increased
(12D).

In fact, the energy of the ocean waves is a
form of wind energy. Although at this moment the
research is more moderated, it goes on ([3] — [12])

ISBN: 978-960-474-343-8

226

because one of the most promising renewable
sources of electric power is the ocean swell.

Typically 2 - 3 m high, these waves have a
period of 10s and on the average they contain a
power between 40 to 90 kW for every meter of
wave front. Until now, a great number of capturing
devices for wave energy was developed, but, no one
was categorically preferred. However it has been
possible to obtain some conclusions about how to
capture and transport the waves energy and it seems
that it would be better to obtain at the end an
electrical energy (instead of thermal or hydraulic
energies).

The electrical energy is the easiest to be
transported at a long distance or to be locally used
for salt removal, hydrogen fabrication a. s. o.
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Generally, these hydro-constructions have big
physical  dimensions  (especially  unmovable
constructions), so, for technical and economical
reasons many small energy unities are preferred
instead of a big one. The preference for electrical
power as final power leads to use designs which
convert directly the wave power in electrical power.
From an electrical point of view the easiest
conversion is in direct current ([2]).

2 Gravitational electrical

on magnetic fluid cushion

The expression of the momentary electrical voltage
Ue, induced in an electrical coil with Ns loops, by a
magnetic field varying versus time, is very well
known.

generator

U (t) = _%[Zlivi1 @;(6)] =

= -2k [, Bt -ds] (1)

where S; = surface of the loop i; E(t) = magnetic
induction vector through the loop i at the moment t,
and, @;(t) = the flux of the magnetic induction
vector through the loop i, at the moment t.

The magneto-fluidic levitation of the second
order makes to auto levitate a permanent magnet on
which there was poured enough magnetic liquid. In
this case, the permanent magnet puts between it and
the bottom of the vessel, a magnetic liquid layer,
which transforms the dry friction between the
magnet and the vessel, into a wet friction (viscous)
which has a very small value.

The magnetic induction vector B,(t) from
the equation (1) is created by the auto levitated
permanent magnet and the time variation of the
magnetic induction, which is necessary to obtain the
induced electrical voltage, results by moving the
permanent magnet in front of one (or several) fixed
coils ([4]).

The movement of the permanent magnet
(surrounded by the magnetic liquid) in the
neighbourhood of the electrical coils, can be
produced by the vertical (and horizontal) movement
of the ocean waves. In this purpose, the permanent
magnet surrounded by the magnetic liquid, is placed
in a hermetically sealed tube. To produce the
translation movement (sliding) of the magnet, the
tube floats on the waves and inclines because of
them, on a longitudinal direction, in one sense and
the other.
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Fig. 1: Simplified electrical schema for the
energetic line. Ly; = Electrical coils placed in the
neighbourhood of the North Pole of the permanent
magnet; Lg; = Electrical coils placed in the
neighbourhood of the South pole of the permanent
magnet; P; = Rectifier electrical bridges; Cr =
Impulses filtering system by energy accumulation; *
= Beginning of the winding; Z; = Load impedance.

Fig. 2: Energetic functioning principle for the
gravitational generator on magnetic liquid cushion.
Lni = Electrical coils placed in the neighbourhood of

the North Pole of the permanent magnet; Lg; =

Electrical coils placed in the neighbourhood of the
South pole of the permanent magnet; 1. =
Permanent magnet in its magnetic liquid shell; 2. =
Hermetically sealed tube.

To convert the waves energy into electrical
energy, we place pairs of electrical coils (at least 2
pairs, when they are placed one pair at each end of
the tube), along the tube, thus during its translation
movement, the permanent magnet is shifted with the
North and South poles in front of each pair of coils
(Fig. 2). When the magnet reaches one pair of coils,
an electrical impulse is obtained. This impulse (and
all the other ones) can be rectified, and its electrical
energy can be transferred to an energetic line of
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direct current. The simplified electrical schema of
such a device is presented on Fig. 1.

From energetic point of view, the problem
is presented on Fig. 2. Let’s consider m the mass of
the permanent magnet which is surrounded by the
magnetic liquid and placed in the hermetically
sealed tube. The tube is inclined so that the A end is
at the h height from the B end. To simplify, we
assume that the tube remains in this position for all
the duration of the magnet movement. When the
magnet is in point A, it has a potential energy Ej in
comparison with point B, given by the expression
E,=mgh where g is the gravitational acceleration.

We assume that from some reasons, the
magnet slides to point B without delivering
electrical energy in the L coils. As the friction with
the tube walls is very small because of the presence
of the magnetic liquid, the magnet has a uniformly
accelerated movement, and arrives in point B with
the v's speed. We can say that

=3 @)

If during the movement, the magnet gives
up energy to the coils, it will be braked in front of
each coil because of the electromagnetic effect, and
it will arrive in point B with the speed vg < V's. The
energy given up to the electrical circuit is expressed
by the equation:

mvg
2

2 2
_ mvlpg _ mvpg

AE =
2 2

= mgh — ®)

Placing one pair of coils at each end of the
tube, with a proper design of these coils, vg can be
brought almost to zero, whichever the sense of the
movement of the magnet is. The energy given up to
the electrical system at one time when the magnet
goes through the tube is given by the expression
AE = mgh (@)

The positioning on the waves, of the
gravitational generators on magnetic liquid cushion
from Fig 2, can be done for instance with the help of
some continuous and articulated rafts, like the ones
in Fig. 3. Inside these hermetically sealed rafts, we
put a large number of gravitational generators which
are electrically connected, like in Fig. 1. Each one of
these systems can be an independent energetic
system, which has the possibility of accumulation,
transformation or transmission at distance, of the
electrical energy.

A substantial increase of the quantity of
energy got from waves by the gravitational
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electrical generator on magnetic fluid cushion can
be obtained by holding the permanent magnet at the
ends of the tube, until the tube has a minimum
inclination, which is determined considering the
average geometrical and dynamical properties (the
speed) of the waves in that moment. Considering
these parameters we can also determine the
optimum length of the tube and the optimum
number of the energy capture pair coils.

The holding of the permanent magnet at the
ends of the tube can be obtained by placing at the
ends of the tube, small ferromagnetic bodies (with
proper geometry), at a certain distance from the
limit of the permanent magnet moving.

Fig. 3: Continuous and articulated rafts with
hydraulic functioning developed in U.K. ([2]).

If we place small electrical coils around
these ferromagnetic bodies near the ends of the tube,
we can get an automatically adjustment system for
the inclination angle at which the permanent magnet
is able to move. The electrical supply for these head
coils is an electrical impulse, at the same time (or
not) for all the gravitational generators of the same
section of a raft. The command moment depends on
the information about the inclination of the raft
section (obtained from an inclination transducer),
and about the average geometrical and dynamical
properties of the waves.

With these remarks, in first approximation,
is justified the physical model in which the
gravitational generator remains at the same
inclination during the whole time of the magnet run.

There are also other modalities (without
electrical power consumption) to retain the
permanent magnet at the ends of the tube until the
tube has a certain inclination.
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3 Similar energy capture systems

From the point of view of the exterior mechanical
construction of the energetic system, the rafts for the
gravitational generators can be compared with the
continuous rafts made in U.K. (Fig. 3) ([2]).
Functionally (inside), the two systems are totally
different, the raft system from Fig. 3 being equipped
with hydraulic pumps between each two consecutive
raft sections, and converting the wave energy into
hydraulic energy.

From an electrical point of view the
gravitational generator can be compared with the
direct magnetic converters made in Egypt and which
are usually fixed marine constructions ([2]). They
produce the electrical energy with the help of the
relative movement of some permanent magnets and
coils under the actions of the waves. These types of
direct magnetic converters need a mechanical
amplification of the relative speed of the permanent
magnets towards the coils, which is realized with
wheels and driving belts. Unlike these, the
gravitational generator uses the gravitational
acceleration for the speed enlargement.
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Fig. 4: Magnetic induction B (in Tesla) (for the
permanent magnet used inside the generator)
measured on air, on the central axis of the magnet,
perpendicularly to the North Pole face, versus the
distance to the magnet (in mm).

4 Experiments
We made a computer program for the dimensioning
of the gravitational generator, and we theoretically
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analyzed the influence of each parameter to overall
dimensions. We established that, for many reasons,
the coils must have special magnetic cores (some
details in [4]) placed in special magnetic circuits.
The permanent magnet used at the first
experiments (weight 162g and dimensions 45 mm X
28 mm x 11 mm) had the magnetic induction as in
Fig. 4. Without optimize the magnetic circuit, the
generator transformed in electrical energy maximum
78% of the available mechanical energy.
Theoretically, using an optimal magnetic
circuit, the transformation efficiency is over 90%.

5 Conclusions

These gravitational generators can be used for one
direction of the waves, or for two directions of the
waves (when we mechanically put together two
generators, at 90 degree one to other). In this case, a
future research will answer at how much of the
waves energy can be theoretically transformed in
electrical energy (using this principle), or, how
much electrical energy can be obtained from a
surface unit of the ocean.

The constructive technical solutions for the
cores belonging to the energy capture coils, and, for
the retaining of the permanent magnet at the ends of
the tube, are very important.

One of the most important advantages of the
gravitational generator is that it uses small work
speed. It doesn’t need a mechanical amplification of
the relative speed of the permanent magnets towards
the coils, so, it doesn’t need wheels and driving
belts. It uses the gravity for that. Other advantages
are the small physical dimensions (relatively to
other type of hydro-constructions) and the
possibility to build an important part of the “electro-
power station” in a factory and not on the ocean.

This type of electro-power station, using a
relative large surface of the ocean, can work (under
the new concept of “renewable energy sources in
combined systems” ([9]-[12])) combined with the
solar energy.
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