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The present article deals with an alternative form of energy — the con-
version of marine/ocean wave energy using an axial self-regulating blade (SB)
hydrokinetic turbine (ASRBHK turbine). The article analyses the operation of
the ASRBHK turbine and draws the resulting conclusions about the mecha-
nism, in which the power transfer element is a self-regulating blade.
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1. INTRODUCTION

The total amount of wind-generated wave energy is less than the total amount
of wind power in the world, due to the fact that only part of the wind power transfers
to the waves. As wind-generated wave energy accumulates, there can be significant-
ly more energy in the aquatorium than in the same area in the air above it.

Sea and ocean waves are potential and perspective renewable energy sources
— estimates of the global wave energy potential are between 8,000 TWh and 80,000
TWh per year [1]. In order to achieve this goal, it is necessary to create new, efficient
equipment for the construction of wave energy power plants. At least 140 scientific
institutions working on wave energy transformation issues have been involved in
around 200 different projects since 2000 [2]. In spite of this fact, it is still urgent to
find the most effective way of converting wave energy into rotational motion for
powering electric generators. Let us look at one of the following options — 4PRLHK
turbine. The article will provide insight into APRLHK turbine operation in a wave
environment.

The aims of the article are to evaluate the principle of the axial hydrokinetic
turbine with self-regulating blades, to create the receiver’s operation and to draw
conclusions from its analysis.

2. A SHORT DESCRIPTION OF WAVE PHYSICS

Salt water weight per m® is slightly over 1 ton. This indicator varies in diffe-
rent water areas and changes even in the same place. This is the density of the volume
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of water which, affected by the Earth’s gravitational force in the wind created free
surface wave, varies in time and space in a particular way. Looking at the surface of
the water, there are characteristic changes in the wave surface, such as period, am-
plitude, wave length, wave phase and wave group velocity.

The motion of particles in the deep wave is shown in Fig. 1. Particle mo-
tion decreases with increasing depth; therefore, the amount of power and energy
decreases. It is assumed that the energy in the deep-wave is up to depth equal to half
the length of the wave [3]. With increasing depth, the amount of energy decreases
exponentially. Therefore, about 95 % of the wave energy is up to depth equal to "4
of the length of the wave.
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Fig. 1. Particle movement in the wave.

3. ABRIEF OWERVIEW OF WAVE ENERGY EQUIPMENT

In order to absorb and reduce wave energy, i.e., to reduce the amplitude and
velocity of its particle movement, a converter is required. It is a three-dimensional
body to which the wave reacts. The wave has a specific direction of expansion and
action in different phases.

As aresult, the spatial body moves or deforms in a manner determined by the
receiver’s construction and the degree and or form of its elemental freedom.

Particle movement in wave construction — the degree and / or form of its
elemental freedom, deformation determines how much energy will be reflected and
how much of it will be consumed by treating the wave while moving the absorber
surfaces.

According to this theory, a simple point-absorber, moving up / down, spends
part of the energy generating radial waves and, thus, is capable of absorbing no more
than 50 % of the wave energy [4]. The shape of the receiver is the designer’s choice,
and the wave absorption / conversion coefficient in water is theoretically 100 % [5]
(unlike air, in which it does not exceed 59 % according to Betz criterion), [6].

Machines that completely stifle waves and, thus, wave energy tend to be called
wave terminators. In literature, there are also the following names: Salter’s Duck [7],
Evans or Bristol Cylinder [8]. It is possible that the Cycloidal wave energy con-
verter [9] may also be counted as such (as do all terminators that have a frequency-
dependent efficiency curve). An oscillating water column with a resonance chamber,
in which, as the direction of the water flow changes, the direction of rotation of the
hydro turbine does not change, because the turbine blades are either swivelable [10],
in two directions, TWO-WAY tilting blades, or have servomotor controlled blade
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angles [11]. Stage of readiness of the prototype at a scale 1: 1.5 [12],at D =6m is a
declared efficiency 8 to 30 % in technology development. The machine is designed
in two versions:

1. Asa “static” fixed to a stand, the shore, or wind generator mast;

2. As afloating design with 4 “slings”.

A test prototype (at scale X: Y) power 4.5 kW Ecofys Wave Rotor, Ocean Mill
is a vertical axis velocity boost turbine, whose productivity is supplemented by the
Wells hydro turbine wave to capture the kinetic energy of the vertical component
[13]. CycWec is a cross-flow turbine with two blades, but unlike the Darius turbine
it has a horizontal axis, an angle of inclination of steerable blades and a controllable
wave detection angle [14]. Fixing / anchoring methods — a mast or floating frame.
Total efficiency coefficient of electricity generation is 15 %. The developer suggests
that by improving the blade profile it is possible to achieve an efficiency coefficient
of up to 70 %.

4. APRLHK TURBINE TECHNICAL SOLUTION

Because of the fact that it is possible to achieve similar shapes with SB, as with
classical hydrokinetic turbines, we design and view the ASRBHK turbine, which
would be more suitable for changing a wave direction and changing load conditions
(see Fig. 2). The ASRBHK turbine consists of a vertical fixed axis “4”, a flywheel
“FW”; turbine blades “SB”, spindles “SP” and bearings “B” (see Fig. 2). The axis
“A” shown in Fig. 2 is fixed rigidly in the vertical position to prevent the turbine
wheel from moving up and down and sideways. It provides the maximum effect
of wave forces on SB. The SP holds the longest edge of the SB tensioned (see Fig.
3 — marked with a red line), thus promoting the transfer of wave forces to the tur-
bine wheel in all SB positions. Figure 3 shows three SB positions (PI, P2 and P3)
demonstrating the SB states and the effect of water particles (indicated by the speed
vertical and horizontal components v and % ) on it. With the abbreviation “TB”,
Fig. 3 illustrates the SB bearing structure or the turbine branch, but with “SB” — the
self-adjusting blade.

The density of salt water can be 1030 kg m3 or more. In the case of turbine
moving parts (SB), it is better if their volume is as close to the volume of the water
they work in as possible, so as to reduce the negative effect of additional gravity or
lift on wave power transfer efficiency. Therefore, a significant indicator is the ave-
rage value of water density in the aquatorium.

Fig. 2. Sketch of the ASRBHK.
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Fig. 3. Water particle effect on SB.

5. ASRBHK TURBINE OPERATION TESTS AND THEIR RESULTS

In order to test the ASRBHK turbine, a model for work in a laboratory was
made, where the parameters of incoming and outgoing waves (Frequency y, Hz and
amplitude 4, m) were measured and data were obtained by receiving signals from la-
ser sensors. The signals then arrived at the data analyser and, using special software,
they were archived and processed by creating a wave analysis scheme (see Fig. 4).
One dominant wave direction was taken — in the direction of a wave generator to a
wave-energy receiver. Due to reflection, the tidal wave and waves, the direction of
which coincided with the initial wave, arose for this direction of waves [15]. Mea-
surements were made following a specific measuring structure and optical circuitry
[15]. A chronometer was used to measure turbine speeds at different braking loads
of the driving pulley as well as without load. Load was put on the flywheel “SK”
(see Fig. 2) by winding a cord around it and changing its strain strength (F) which
was read using a dynamometer. As the strength changed minutely, we used video
surveillance during the tests. This made it possible to capture variations in the force
according to time and to calculate its average value. The indicators w (angular velo-
city, rps.) were calculated from the speed of the fixed receiver n and the test time t, s,
obtained with the chronometer. The loading arm, m, which is equal to the flywheel
radius r, was measured with a tape measure. Some of the most significant parameters
used in the relationships (w, ' and » — measured, v, P, P (AK) and 1 — calculated) are
shown in Table 1. P — the power dissipation W was calculated using the equation:

P=v-F, (1)
where P —power, W;

v —speed, m/s;

F —force, N.
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Let us calculate velocity v from the measured angular velocity w:
v=wT2r/t, (2)

where ¢— time, s;
w — angular velocity, rps;
7 — constant of the circle line;
r —loading arm, m.
and P (AK) the wave power calculated from the obtained wave parameter
measurements of (3), [3]:

P(AK) = 22 _ceb. (3)

where P (AK) — calculated wave power before receiver, W;
f— water weight, kg/m?;
g — free fall acceleration, m/s?;
H — mean wave height, m;
¢, — wave group speed, m/s;
b — the wave-width to be detected, m.

As the experiment was performed in freshwater, in a laboratory, we assumed
that the weight of the water was 1000 kg / m3, the free fall acceleration g ~ 9.81 m
/ 8%, H = 24, where the measurement method for amplitude 4 was described in [15],
but test data were archived using a specially designed computer program and the
received wave width was 0.90 m, which was equal to the receiver diameter.
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Fig. 4. Wave process analysis scheme [15].
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Table 1
Measured and Calculated Parameters of the Tests

W, IpS E N I, m v, m/s P,W P (AK), W W, IpS M, %
- 1.628 0.15 - - 1.472 - -
0.03 1.218 0.15 0.03 0.04 1.462 0.03 2.62
0.05 1.099 0.15 0.05 0.05 1.483 0.05 3.49
0.08 0.809 0.15 0.08 0.06 1.424 0.08 4.46
0.12 0.541 0.15 0.11 0.16 1.491 0.12 3.99
0.17 - 0.15 0.16 - 1.474 0.17 -

In deep-water conditions, the group wave velocity is expressed as follows [3]:

Co= 2, @)

where
¢ —wave speed, m/s.
Wave speed is expressed as follows [3]:

gT

€= 2m’ ®)

where g — free fall acceleration, m/s?;
T — wave period, s;
1 — constant of the circle line.

Wave frequency was measured during the test. Therefore, in the calculations
of wave speed c, we used (6):

1
Y=o (6)

where y— wave frequency oscillation per second;
T — wave period, s.

To determine the ASRBHK turbine efficiency, we used (7):

P
P(BK)

n= -100 %, (7)

where 1 — efficiency factor, %;
P — turbine load capacity, W;
P (AK) — wave energy, W.
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The efficiency coefficient curve of mechanically tensioned ASRBHK turbine,
under laboratory conditions, is shown in Fig. 5.
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Fig. 5.The efficiency coefficient curve of mechanically tensioned ASRBHK turbine.

6. ASRBHK TURBINE PERFORMANCE ANALY SIS

From the SB positions P/, P2 and P3 in Fig. 3, which exist in three different
wave phases, we can see that:

a. In position P/, the vertical component of the forces generated curves the
SB upwards, but the horizontal component — in the direction of rotation
of the turbine;

b. In position P2, the vertical component of the forces generated pushes the
SB downwards, while the horizontal component moves it counter to the
direction of rotation of the turbine and produces an increased hydraulic
resistance in the curved SB surface;

c. Inposition P3, SB is simultaneously in two wave phases and the effects of
wave particles characteristic of one and the other wave phases are acting
accordingly.

Let us look at the forces at work on the temporarily free form blade (see Figs.

7 and 8). The blade bearing structure is marked with “B”. The vertical component
of the velocity of the water particles is the force acting on the SB and is shown in the
top left corner of Fig. 7, but how it will act on SB — with different shades (the darker
the stronger the effect) of blue and red (depending on the direction of action — up
with red or down with blue) below, where three SB positions (P/, P2 and P3) are
displayed. Figure 6 shows one static moment in which the wave crosses ASRBHK
turbines SB. In addition, it is assumed that the wavelength is equal to the length of
the blade to better highlight the phenomenon that occurs in SB in the wave environ-
ment. However, be aware that real wavelengths will vary, they may be shorter or
longer than SB. Figure 6 also shows the direction of the ASRBHK turbine rotation
with angular velocity w and horizontal direction of travel. The horizontal component
of the wave energy also acts on the ASRBHK SB. This effect is shown in Fig. 8. The
direction of the horizontal flow in blue is in the direction of the wave (the darker the
colour, the more intense the flow), but red — in the opposite direction.
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Fig. 6. Self-regulated blade of turbine (SB).
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Fig. 7. Scheme for the propagation of vertical forces on the ASRBHK turbine SB.

Fig. 8. The effects of the horizontal components of the wave force on the ASRBHK turbine SB.

7. CONCLUSIONS

1. The ASRBHK turbine (see Fig. 2) is capable of turning the variable direc-
tional flow in the direction of rotation, due to the SB sails functionality.

2. When operating in SB rotation around the vertical axis, it simultaneously
falls into it, but not only with opposing forces. This reduces the effective-
ness of SB operations.
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3. Inorder to increase the efficiency of SB, technical solutions are needed to
ensure that SB is continuously positioned perpendicularly to the direction
of wave movement.

4. Moving parallel to the wave direction of motion, SB receives the wave
forces more efficiently, since they are in different wave phases for a short-
er period of time.

7. FUTURE RESEARCH

A mechanism must be developed that ensures the SB position is perpendicular
to the direction of the waves and complimented by the energy potential of the target
aquatorium of the power plants. The algorithm for calculating the size of the equip-
ment must be developed by proceeding from the wave parameters characterising the
aquatorium. It is necessary to modify or develop material for industrial equipment
SB.
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HIDROKINETISKATURBINA BRIVAS VIRSMAS GRAVITACIJAS VILNU

PARVEIDOSANAI
J. Berins
Kopsavilkums

Raksts ir par vienu no alternativas energijas veida — juras/okeana vilnu

energijas parveidosanu ar aksialu pasregul&josu lapstinu (PL) hidroking&tisko turbinu
(APRLHK turbina). Raksta devums ir APRLHK turbinas darbibas analize un no tas
izrietoSie secindjumi par to, kadam jabiit mehanismam, kura sp€ka parneses ele-
ments ir pasregul&josa lapstina.
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