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Operation of intelligent wind power unit
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Abstract — The Intelligent Wind Power Unit is composed of a
large-sized front wind rotor, a small-sized rear wind rotor and a
peculiar generator with double rotational armatures without the
traditional stator. The superior operation of the tandem wind
rotors has been verified and the desirable profile of the rotors
has been presented in previous papers. In this paper, the blade
setting angle is adjusted, not only to get a maximum efficiency at
lower wind velocity but also to keep the output constant at the
rated operation in the laboratory experiments. The model unit
with the double rotational armature type doubly-fed induction
generator is also provided for the natural wind circumstance,
and the output performance is adjusted well with the exciting
voltage and the frequency of the secondary circuit in the
generator.
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. INTRODUCTION

Wind power is one of significantly promising resources for
sustainable/renewable energies that may play a very important
role in electric power generation at the 21st century. Wind
turbines have been developed/improved to increase the output,
and have been positively/effectively provided for the grid
system. The authors have also invented a superior wind power
unit, "Intelligent Wind Power Unit", as shown in Fig.1 [1][2].
The unit is composed of a large-sized front wind rotor, a
small-sized rear wind rotor and a peculiar generator with
double rotational armatures without the traditional stator. The
front and the rear wind rotors drive the inner and the outer
rotational armatures, respectively. Rotational speeds and
directions of both wind rotors/armatures are automatically
adjusted pretty well in response to wind circumstances.

The idea of tandem wind rotors has been proposed before
[3]-[9], but not only the profiles but also the operations of the
experiments on tandem wind rotors quite differ from those
surveyed above. That is, the rotational directions and speeds of
both wind rotors/armatures are automatically adjusted in
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response to the wind velocity. Both wind rotors start to rotate
at low wind velocity, namely the cut-in wind velocity, but the
rear wind rotor counter-rotates against the front wind rotor.
The rear wind rotor reaches the maximum rotational speed at
the rated wind velocity. With more increase of the wind
velocity, the rotational speed of the rear wind rotor decreases
gradually, stops and then begins to rotate at the same direction
of the front wind rotor, so as to coincide with the larger
rotational torque of the front wind rotor.

< Front wind rotor

Rear wind rotor

Wind

Outer armature

Inner armature
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=

Fig. 1 Profile of Intelligent Wind Power Unit

Such superior operations of the tandem wind rotors have
been verified experimentally and the desirable profiles of the
wind rotors have been proposed [10]-[12]. Continuously, in
this paper, the blade setting angle is adjusted, not only to get a
maximum efficiency at lower wind velocity but also to keep

©2014 North Sea



Galal et al. (2014) Operation of intelligent wind power unit

the output constant at the rated operation in the laboratory
experiments. The model unit equipped with the double
rotational armature type doubly-fed induction generator is also
provided for the natural wind circumstance.

1. ADJUSTMENT OF BLADE SETTING ANGLE
EXPERIMENTS IN A WIND TUNNEL

The model tandem wind rotors were set, perpendicularly to
the wind direction, at the outlet of the wind tunnel with nozzle
diameter of 800 mm. The front and the rear wind rotors
connected directly and respectively to the isolated motors
controlled by the inverter with the regenerative braking system,
in place of the peculiar generator. The diameter of the front
wind rotor is de = 500 mm with three blades, and the rear wind
rotor is dr = 420 mm with five blades. The axial distance
between the twist center of the front and the rear blade is I= 40
mm. The diameter ration and the number of blades have been
optimized at the laboratory researches [11] [13].

In the experiments, the rotational torques of the front and
the rear wind rotors were counter-balanced by the rotational
speed control in place of the double rotational armatures. The
output is evaluated without the mechanical losses of bearings
and pulley systems. The Reynolds number estimated with the
relative velocity component and the chord length at the blade
tip is Re = 5.8 x 10* - 1.8 x 10°, which may be less than Re for
prototypes but is in close to the turbulent flow because the
higher fluctuation V> with RMS(V*)/V = 3.6 % (V’max/V = 11 %,
V: the wind velocity) at the nozzle outlet promotes the
transition from the laminar to the turbulent flows on the blade
surfaces.

OPTIMIZATION OF FRONT BLADE PROFILE

Previous research has suggested that the front wind rotor, at
the smaller radius, had better not to absorb the wind energy but
better to give away enough wind energy to the rear wind rotor
[12]. That is, the front wind rotor never generates the swirling
velocity component at the smaller radius while the coming
flow is in axial direction.

Rotational direction

m2

Fig. 2 Flow conditionround the front wind rotor at the smaller radius

Figure 2 shows the velocity triangles around the front blade
at the smaller radius, where v, u, w and vy, are the absolute, the
rotational, the relative, and the axial velocity components
(subscripts 1 and 2 mean the inlet and the outlet). The resultant
force F must be in the axial direction and has no tangential
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component. Equation (1) gives the lift-drag ratio & and
Equation (2) gives the relative flow angle ¢, while Equation
(3) gives the angle y between the drag force Fp and F.

e=F /Fo=u/vm=ro/vm (1)
¢ =tan" (vm / ro) = tan"}(Fp / FL) 2
y= tan'l(FL/ FD) =tanle (3)

The blade must twist in the radial direction so as to satisfy ¢
+ y =90 degrees while F is in the axial direction, and to make
Fp , which decelerates the axial velocity, as small as possible.

Front Blade H shown in Fig. 3(a) was designed on the basis
of the above advanced technology at the tip speed ratio Ar =
(blade tip speed)/V = 4.5 and formed with NACA0015
symmetric airfoil [15] at the smaller radius (0.2 < R < 0.46, R:
the dimensionless radius divided by de/2). The blade at the
larger radius (0.54 < R) has MELOQ02 airfoil [14] with the
desirable angle of attack to get fruitful wind energy. Rear
Blade G shown in Fig. 3(b) was formed tentatively with
MELOOQ2 airfoil [14] and was twisted to have the desirable
angle of attack, taking account of the flow discharged from the
front wind rotor. The tandem wind rotors designed just above
(TWR HG) takes the maximum output coefficient of Cp =
P/(pAV3/2) = 0.35 at the relative tip speed ratio At = 6.3, where
P is the output and A is the swept area of the front wind rotor.
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Fig. 3 Blade profiles for the tandem wind rotors

PERFORMANCE AGAINST WIND VELOCITY

It may be possible to adjust the blade setting angle of the
rear wind rotor, /&, because the rotor is connected to the outer
shaft as shown in Fig. 1, which can be easily equipped with a
pitch control mechanism of the blade. Figure 4 shows the
performance against the wind velocity, while fr is adjusted to
get a maximum efficiency under V = 10 m/s and get a constant
output Pt at the rated operation in keeping the blade setting
angle of the front wind rotor S = 5 degrees, where the angles
are measured between the blade chord and the rotational
directions at the blade tip. It is necessary to adjust the blade
setting angle fr for aerodynamically keeping the output
constant at the rated operation. The relative rotational speed Nt
= Ng - Nr decreases at the wind velocity V faster than 10 m/s,
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as the increase of V accompanies the increase of the rotational
torque.
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Fig. 4 Performance of the model unit in the wind tunnel

I11. OPERATION IN NATURAL WIND PREPARATION
OF THE MODEL UNIT

The upwind type unit shown in Fig. 5 was prepared for the
field tests. The front wind rotor has the diameter of d= = 2000
mm and is composed of three blades. The rear wind rotor has
the diameter of dr = 1640 mm and is composed of five blades.
The axial distance between both wind rotors is | = 160 mm.
These dimensions have also been optimized in previous papers
[11][13]. The blade profiles of the front and the rear wind
rotors are shown in Fig. 6, where these are designed on the
basis of the advanced technology described above. The
aerofoil sections of the blades are almost similar to those in
Fig. 3, but the front blade at the smaller radius is formed with
cambered aerofoil without load.
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Fig. 6 Blade profiles

The above tandem wind rotors counter-drive the inner and
the outer armatures in the doubly-fed induction generator
(3-phase, 8-poles, [16]). The generator is composed of the
primary circuit in the outer armature which induces the active
power Py, corresponding P+ in Fig. 3, and the secondary circuit
in the inner armature which consume the reactive power for
rotating the excited magnetic field. The rated output of the
generator is 1.2 kW with the induced frequency f; = 60 Hz and
the induced voltage E; = 200 V from the primary circuit while
the relative rotational speed between the double rotational
armatures is Nt = 900 min?. The induced frequency f; is
determined with the rotational speed Nt and the exciting
frequency f; at the secondary circuit. The exciting voltage E; at
the secondary circuit, however, must be adjusted carefully in
response to N, namely the wind velocity V, to keep E; and f;
constant in the turbulent flow.

The model unit prepared above was installed on the tower of
2.4 m height which is set at the top roof of the building of 8 m
height in the campus as shown in Fig. 5. The wind velocity
was measured by the supersonic anemometer which is in front
of the front wind rotor at the shaft centre and can detect the
three dimensional flow directions.

WIND CIRCUMSTANCES AT THE TEST SITE

The test site has tall trees at the northern side and buildings
at the southern side. These obstacles affect doubtlessly the
wind circumstances from the north and the south. The wind
rotor when facing the wind from the west side has
comparatively better circumstance but may be poor for the
power generation. Most of the time, the wind velocity is
slower than 11 m/s while 3 m/s gives the highest apparent
ratio with about 70 % appearance in 2~5 m/s, which may
represent the wind circumstances at an urban area in Japan.

PERFORMANCE CONTROL AT NATURAL WIND

Figure 7 shows a small example for the rotational speed of
the front and the rear wind rotors, Ng, Ng, the active output P,
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the induced voltage E;, and the induced electrical current I1
from the primary circuit against the wind velocity V, while the
bulb load Py = 600 W, namely the electrical resistance as the
power consumption, and the exciting voltage E; = 60 V, the
exciting frequency f, = 50 Hz at the secondary circuit. The
experimental date accumulated during the test was averaged
each one minute and the white circles in the figure represent
the performances averaged each 0.5 m/s band [17]. The output
P, and the rotational speeds N, Ng are widely distributed even
at the same wind velocity, because the small-sized wind rotors
are sensitive to the turbulent/velocity fluctuation and/or wind
direction in the natural wind. The front and the rear wind rotor
start counter- rotating at slow wind speed and these speeds
increase with the increase of the wind velocity. The induced
voltage E; is in proportion to the relative rotational speed Nt
= Ne - Ng, and P; = square-root(3)E1l;, where 11 is the induced
electrical current.
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Fig. 7 Example of the performance at the natural wind

Figure 8 shows just a small sample for how to adjust the
exciting voltage E», the exciting frequency f, and the blade
setting angle of the rear wind rotor f&, to keep the active
output P; constant at the rated operation, while the induced
voltage E; = 50 V and the induced frequency f; = 60 Hz. The
output and the power quality can be guaranteed well with the
reasonable adjustments of E, and f, at the secondary circuit
and Sr. The wind power station can provide the net output Py
for the grid system, where Py = P; - square-root (3)Ezl, where
I, is the electric current in the secondary circuit.

The rotational direction of the rear wind rotor does not
change from the counter-rotation, at the comparatively slower
wind velocity in Figs. 7 and 8.
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Fig. 8 Guarantee of the output and the power quality

IV. CoNnCcLUDIG REMARKS

The blade setting angle of the rear wind rotor was adjusted,
not only to get a maximum efficiency at lower wind velocity
but also to keep the output constant at the rated operation in the
laboratory experiments. The model unit with the double
rotational armature type doubly-fed induction generator was
also exposed in the natural wind circumstance. The output and
the power quality from the primary circuit can be guaranteed
well with the adjustment of the exciting voltage and frequency
at the secondary circuit and the blade setting angle of the rear
wind rotor.
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