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Abstract. With the energy crisis and the increasing environmental pollutionmore and more efforts have been
made about wind power development. In this paper, a new type of vertical axis named the fish-bionic wind
wheel was proposed, and the outline of wind wheel was constructed by curve of Fourier fitting and polynomial
equations. This paper attempted to research the relationship between the setting angle and the wind turbine
characteristics by computational fluid dynamics (CFD) simulation. The results showed that the setting angle of
the fish-bionic wind wheel has some significant effects on the efficiency of the wind turbine, Within the range
of wind speed from 13m/s to 15mv/s, wind wheel achieves the maximum efficiency when the setting angle is at

37 degree. The conclusion will work as a guideline for the improvement of wind turbine design.

1. Introduction

Being clean and renewable, wind energy has great reserves in nature, and it has great potential as a new energy with
good prospects for development [1-9]. In China, the demand for energy is increasing rapidly with the development of
economy. The traditional oil and coal has caused serious environmental pollution, while renewable wind energy can
provide complement to modern society without pollution. Therefore more and more countries have recognized the
importance of wind energy[1, 3, 6, 8, 9]. Wind power is the most important way to use wind energy, and its wattage is
increasing year by year.

The structure of wind turbines is very simple, but the aerodynamic characteristics of the work is extremely
complex. At present, we have two main methods to research wind turbine flow field characteristics: numerical
analysis and wind tunnel testing [10, 11].

There are many types of wind turbineswhich can be divided into horizontal axis wind turbine [12-15] and vertical
axis wind turbine [16-23] depending on the wind direction and the axis direction.

Compared with the traditional horizontal axis wind turbine, the vertical axis wind turbine has the advantage of
advanced design methods, high wind power utilization, low starting wind speed, low noise, and broad market
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prospects [14, 24-26]. Vertical axis wind turbine includes Savonius type[24, 27], Darrieus type[28, 29], and H-type
vertical axis wind turbine[30, 31].

This paper introduces a new type of fish-bionic wind wheel, and researches into the relationship between the
setting angle and the wind turbine characteristics by CFD.

2. Structure and principle of fish- bionic wind wheel

The proposed wind wheel is come from the contour of fish, and the geometry is a combination of Fourier fitting,
polynomial equations and peripheral curve. At both ends of the rotor blades, the rotor is provided with two threaded
holes in the height direction respectively, and connected to the upper and lower cover with certain setting angle.
Fish-bionic wind wheel structure is shown in Figure 1 and Figure 2.

Figure 1. Front view of fish-bionic wind wheel.
In Figure 1, (1) is wind wheel center axis, (2) is wind turbine blade, (3) is wind wheel upper cover, (4) is wind wheel
lower cover.

Upper cover and lower cover need to be installed in parallel, and perpendicular to the central axis of the wind
turbine. Wind turbine blades are curved structures, where three blades must be the same bending direction, and it
should install at least three blades in order to double the use of wind energy effectively. H is the distance between the
upper cover and lower cover, and the ratio between the H and D, is between 1 to 3.

In Figure 2, (5) is wind wheel front edge point, (6) is wind wheel rear edge point. D, is diameter of circle which
is composed by the front edge points of three blades. D, is diameter of circle which is composed by the rear edge
points of three blades. The length between the front edge point of blade and rear edge point of blade is chord. The
ratio between the chord length and D, is 0.5. 40 degree is the setting angle of the wind turbine, which is the angle
between the connecting line of front edge and the rear edge point and the connecting line of front edge and the center
axis, and setting angle will affect the performance of wind turbines.
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Figure 2. Plan view of fish-bionic wind wheel (without upper cover).

Figure 3. Fish swimming in the water.
As is shown in Figure 3, fish swimming in the water is similar to air flowing through something since fish tail swing
generates driving force. According to the principle of bionics, the paper improves the utilization of wind energy by
optimizing the end of the blade, changing the number of blades and the installation angle.
We get wind wheel rotor blades sample from bionics, and use an approximate equations to describe sample by
curve fitting, then the polynomial equations of intersection line between upper cover and inner surface is:

f (x) =13.22x" —51.08x° +79.58x° — 65.14x" 1)
+30x° —7.95x* +1.135x +0.007948

The Fourier fitting of intersection line between upper cover and outer surface is:
f(x) = 48.51-54.53c0s(1.571x) —56.82sin(1.571x)
~1.339c0s(3.142x) + 40.82sin(3.142x) @
+8.975c0s(4.713x) —8.37sin(4.713x)
—1.619c0s(6.284x) —0.055465in(6.284 )
Where the X isin the range [0-1].
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Figure 4. Sample points and approximate curve fitting of fish-bionic wind wheel.

According to the results of curve fitting, we have designed the rotor blades shown in Figure 4 and Figure 5.

23

Figure 5. Wind turbine blade structure.

In Figure 5, (7) are threaded holes, the two threaded holes play a role in fixing the upper and lower cover. Both are
located on the chord length. (20) is inner surface, (21) is outer surface, (22) is upper cover, (23) is lower cover, the
upper cover and lower cover are parallel to each other and the projection of the covers are coincident, and inside
surface and outside surface are perpendicular to the upper cover and lower cover, the thickness of the blade reduces
gradually and intersects at a point from the front edge point to the rear edge point.

Wind wheel will work by the pressure which is different between the inside and outside surfaces of head. This will
produce a pressure that will differentially push the rotating wind wheel, due to the asymmetrical circular surface of the
head when the wind flows from the inlet into the wind wheel.

The front half of wind wheel is a lift-typed wind turbine because that has different crown of the shape at the two
sides. The rear half of wind wheel is a resistance-typed wind turbine because the concave is located at the windward
side of the wind. Traditionally, the lift-typed wind turbines have poor starting performance, and the resistance-typed
wind turbines have lower speeds, but the special structure of fish-bionic wind wheel overcomes the above mentioned
shortcomings.

3. CFD model

Computational fluid dynamics use discrete mathematical methods, and it can simulate the running state of model in
theory, and uses powerful computing capability of computer to solve various issues of hydrodynamics calculations.
CFD software simulations can greatly reduce the use of pre-investment projects, save time and improve work
efficiency, thus it has become an important modern engineering software tool.
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Figure 6. CAD drawing of wind wheel computational domain (unit: mm).

The fish-bionic wind wheel was constructed and computational domain was chosen according to equation (1) and
equation (2), then transient and dynamic performance of wind wheel was analyzed by sliding mesh method of
computational fluid dynamics.

Wind wheel diameter was 0.5 m, the distance bewteen the wind turbine and left boundary was five times of the
diameter of the wind wheel, the distance bewteen the wind turbine and upper and lower bounds was five times of the
diameter of the wind wheel, the distance bewteen the wind turbine and right boundary was fifteen times of the
diameter of the wind wheel. Mesh quality is the main factor affecting the results of the simulation experiment. In this
paper, the triangular unstructured grids are used because the outer contour of wind wheel is very complex. After the
mesh independent verification, the number of mesh was 5.86ES.

Reynolds number was 2.50E5, turbulence kinetic energy was 0.24, turbulent dissipation rate was 1.34, and RNG
k-e turbulence model was used in the simulation. And the inlet boundary condition was velocity inlet, wind speed set
in the simulation, outlet boundary conditions was outflow, the upper and lower boundary conditions symmetry wall,
the blade surface was moving wall, the central axis was stationary wall. The pressure-velocity coupling algorithm was
SIMPLE, the transient formulation was discretized by the first order implicit scheme, and the turbulent kinetic energy
and turbulent dissipation rate were discretized by the sencond order upwind scheme.

According to the simulation results, the last cycle of the wind wheel torque (final 360 torque values,)was selected,
and the average as average torque of a wind wheel cycle was found, then we obtained the efficiency of wind turbines
by following equation.

Wind power input
' 2x10°x10°
Wind turbine power output
p= 2anT 4
60

Wind turbine efficiency
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Where:

v : Wind velocity (m/s).

P . Air density (1.225kg/m3).

H : Height of wind wheel (500mm).

D : Diameter of wind wheel (500mm).
n: Rotor speed (r/min).

T: Wind wheel output torque (N.m)

4. CFD simulation results

As it can be seen from Fig.7, there is large low-speed area at the rear end of wind wheel, which is caused by the
rotation of the wind wheel. The low wind area is not only beneficial to the rapid flow of wind between the wind wheel
blades, but also conducive to the wind wheel rotation. The rear end of wind wheel shows resistance-type
characteristics when wind wheel movement, fishtail portion makes the air flow through the fish's belly impact on
adjacent blades fish head, thereby increases the speed and output torque of the wind wheel.

Contours of Velocity Magnitude (m/s) (Time=1.3636e+00)

Figure 7. The velocity field (the setting angle is 38 degree)

Contours of Static Pressure (pascal) (Time=1.3636e+00)

Figure 8. The pressure field (the setting angle is 38 degree)
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Figure 9. Relationship of wind speed and efficiency at Figure 10. Relationship of setting angle and output
different setting angles. torque.

We can see that the rotor surface pressure in the head is relatively larger in Fig.8, that is, the fish body portion and
the surface inside and outside of head portion showing lift-typed wind turbine characteristics. The characteristics are
related to the motion style of wind, and rotor rotation is relied on a pressure head inside and outside working surfaces;
the pressure will push the rotating wind wheel, it improves the startup performance of lift-typed wind turbine because
of the differential existence of pressure.

From the Figure 9, we can see that the setting angle has a greater impact on efficiency. and the setting angle is
determined by the structure of the wind turbine, which affects secondary use of wind energy inside the wind wheel .

The efficiency increases obviously when wind speed goes from 9m/s to 13m/s, the efficiency increases gently
when wind speed goes from 13m/s to 15m/s, and wind wheel achieves the maximum efficiency when setting angle is
37 degree.

As it can be seen from the Fig.10, the output torque of wind wheel increases at first and then decreases with the
increase of setting angle.

5. Concluding remarks
The paper describes a kind of higher efficiency bionic structure wind wheel and gets wind turbine blade from bionic ,
then sliding mesh method of computational fluid dynamics was used to analyse the transient and dynamic
performance of wind wheel.It was found that the setting angle has a direct impact on the efficiency of wind turbines
and will achieve maximum efficiency in a particular installation angle.

Simulation results show that the proposed wind turbine structure has the advantage of doubled use of wind energy.
The setting angle is an important factor which affects the efficiency of the wind turbine, and we can increase wind
energy conversion rate by choosing the appropriate setting angle, and the angle is about 37 degrees.
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