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Abstract

Based on the small H-shaped vertical axis wind wheel model (NACA0016),
a CFD wind wheel model was constructed. Based on the principle of moving
grid, the grid division of the CFD wind wheel model is completed by using
GAMBIT software, and the boundary conditions such as the inlet boundary
and the outlet boundary are set reasonably. Then, the turbulence model and
the couple algorithm are used to carry out transient simulation calculations,
and finally the aerodynamic parameter curves of the two-dimensional CFD
wind wheel model are obtained. Based on this, the matching characteristics
of the wind turbine and generator of the small H-shaped vertical axis wind
turbine are studied. The research results show as follows: when the incoming
wind speeds change in range of (2 m/s, 12 m/s), and the power character-
istic curve and torque characteristic curve of the generator wind wheel are
respectively overlap the best power curve and best torque of the generator,
the matching characteristics of the small H-shaped vertical axis wind turbine
rotor and generator are optimal, which provides reference for carrying out
related research.
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Wind power generation is widely concerned due to its inexhaustible, non-
consuming resources, clean and sanitation, and wide distribution. Manufac-
turers and research institutions at home and abroad have begun research on
small vertical axis wind turbines, they have launched many products with
excellent performance. Canadian Cleanfield Energy launched the Darrieus
of H-shaped wind turbine with a power of 3.5 KW, low starting wind
speed and good wind resistance. The Stato Eolian wind turbine launched
by the French company Gual industrie adds a ring of guide blades to the
periphery of the vertical axis blades to increase wind speed and rotating
torque. The starting wind speed is 2m/s, and it can still be used at 40 m/s.
Many domestic manufacturers have also introduced small wind turbines with
excellent performance [1-4]. The FDM series vertical axis wind turbine
launched by Shanghai MUCE has the advantages of low starting wind speed,
strong safety, low noise, and strong wind resistance. Guangzhou Yunpan
Wind Energy Technology Co., Ltd. launched a 1KW vertical axis H-shaped
wind turbine with a permanent magnet rotor structure, which effectively
reduces the resistance torque of the generator. The wind turbine and the
generator match well. It is mainly used for municipal streetlight projects
in coastal cities. Facilities. Shanghai Linfeng Wind Power Equipment Co.,
Ltd. adopts the current more popular CFD design method to develop many
types of small wind turbines with a power range of 200 W-—10 KW and
a working wind speed of 4-4.5 m/s. At the same time, with the rapid
development of CFD, CFD technology has been widely used in engineering.
The application of commercial CFD software has been able to quickly and
accurately simulate the unsteady flow field of the H-shaped vertical axis
wind turbine, and the characteristics of each blade force and torque can be
obtained [5-9].

In this paper, a two-dimensional (2D) model of the wind wheel is estab-
lished. The unsteady calculations are performed by using the CFD software
Fluent. Then, the matching characteristics of wind turbine and generator
about small H-shaped vertical axis wind turbine are researched.

1 Model of Theoretical
1.1 Governing Equation

For all flow calculations, it is generally completed by solving the mass
equation and momentum conservation equation. When the flow is turbulent,
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additional transport equations need to be solved. The pressure-based implicit
Couple algorithm is adopted to solve the 2D Reynolds time-averaged N-S
equation. The second order upwind difference scheme is used to discretize
the convection term, and the moving grid technology is used to perform
transient calculations [10—12]. The equation of conservation of mass is shown
in Formula 1, and the equation of conservation of momentum is shown in
Formula 2.
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While, the p is fluid density. The P is dynamic viscosity of fluid. The
xix;(i,j = 1,2) is coordinate components The w;u;(i,j = 1,2) is time
average velocity component. The w/u ( ,j = 1,2) is Pulsating velocity
components.

1.2 Turbulence Model

In this paper, the turbulence model adopts the RNG k-¢ two-equation model.
The RNG model considers the rotation and swirl flow in the average flow.
Compared with the standard k- model, it can better handle fluids with high
strain rates and large streamline curvatures. The external flow field of the
vertical axis wind turbine is unsteady, and the rotation of the wind wheel
produces strong disturbances. It is more reasonable to choose the RNG k-¢
model [13—16]. The transport equation of the RNG model is shown in formula
(3) and (4).
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and (3 is 0.013.
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2 Construction of Wind Wheel CFD Model
2.1 Simplified Model of Wind Wheel

Figure 1 is a simplified diagram of the H-shaped vertical axis wind turbine
structure. The actual structure of the wind turbine is more complicated, and
the main content of this paper is the aerodynamic performance of the wind
wheel, so when establishing the geometric model of the flow field, only the
wind wheel needs to be considered, so the CFD calculations model need to
be simplified. The connecting rods, rotating shafts and other components in
the wind wheel affect the flow field around the wind wheel faintly. They can
be simplified in CFD modeling. Since the calculation of the flow field outside
the wind turbine is transient, it will take a long time if a three-dimensional
model is used for calculation. If a two-dimensional model is adopted, it
only takes 2 hours to calculate the flow field at each speed with 2 CPUs
in parallel, which greatly saves calculation time. The 2D calculation ignores
the loss at both ends of the blade, and the calculation result is larger than
the three-dimensional calculation, but the calculation result can express the
aerodynamic law of wind energy. Analysis reveals that it is better to establish
a two-dimensional model for this research. The simplified two-dimensional
model is shown as Figure 2. In the Figure 2, r is blade installation radius, a is
blade installation angle, and 1 is blade chord length. The specific parameters
of the wind wheel are as follows: Blade airfoil is NACAO0016, the number of
leaves is 5, the installation angle is 6°, the installation radius is 900 mm, the
installation height is 900 mm.
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Figure 1 Vertical axis wind turbine structure simplified diagram.
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Figure 2 The simplified two-dimensional model.

Figure 3 Computational area of the 2D flow field outside the wind turbine.

2.2 Meshing of Wind Wheel Model

Figure 3 shows the computational area of the 2D flow field outside the wind
turbine. Using moving grid technology to calculate, the calculation area needs
to be divided into a stationary area and a rotating area. The area enclosed by
the rectangle and its inner circumference in Figure 3 is the stationary area,
and the area inside the circumference is the rotating area [17-19].

When dividing the mesh, divide the two parts separately. The meshing
is done in GAMBIT software. The static part has a simple geometric struc-
ture and can be divided into blocks with a structured mesh. The geometric
structure of the rotating part is complicated. The surrounding blades can be
separated into a structured grid with a surface layer, and the inner part of the
blade is separated into a structured grid. Figure 4 is a 2D mesh model of the
flow field outside wind turbine.
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Figure 4 The 2D mesh model of flow field outside wind turbine.

2.3 Setting of Boundary Conditions

The calculation domain of the flow field outside the wind turbine is showed in
Figure 4. According to the actual operation of the vertical axis wind turbine,
the boundary conditions of the corresponding calculation domain can be
determined as follows:

(1) Entrance boundary: The short left side of the rectangle is the speed
boundary. The given speed is 2 m/s—12 m/s, and the direction is
horizontal.

(2) Outlet boundary: The short right side of the rectangle is the pressure
boundary. The given outlet pressure is 0.

(3) Wall boundary: In our research, there are two types of wall boundary.
One is virtual wall surface, as the two long sides of the rectangle in
Figure 4, the wind speed at the wall is not 0, and it is set as a static
sliding wall. The other kind is real wall surface. The blade part is a real
wall surface, the blade is rotating, and it is set as a moving wall surface.

(4) Sliding surface: As the mobile grid technology is adopted, the inter-
face between the grid of rotating part and static part should be set to
interface [20, 21].

2.4 Calculation Conditions

The transient calculation of the flow field outside the wind wheel is carried
out by using the moving grid technology, the RNG turbulence model is
adopted, and the pressure-based implicit couple k-¢ algorithm is used to solve
the problem. The calculation time step is 720 steps, single-step iteration is 60
times, and the wind wheel rotates 2 in each time step. Single-step calculation
time t = 7ww/90, while w is speed of wind wheel (Rad/s). Given different
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speeds respectively, the aerodynamic characteristics of the wind wheel can
be obtained through calculation.

2.5 Processing of Calculation Result

The calculation result output by Fluent is the torque coefficient of the blade,
which is the curve of the torque changing with the calculation time under a
certain working condition. The blades are in different positions at different
times, and the torque coefficient also changes with time. For the sake of mak-
ing the calculation results comparable, take the average of the two cycles as
the final calculation result, and multiply the torque coefficient by a coefficient
of 0.6125 to obtain the wind wheel torque. From the wind wheel torque and
the wind wheel speed, the wind energy utilization rate and tip speed ratio of
the wind wheel can be calculated. Change the speed and recalculate to get the
wind wheel performance curve.

The wind energy utilization rate refers to the amount of energy that a wind
turbine absorbs from natural wind energy, as shown in formula 5.

2Mw

P = IOS’U3 (5)

In this formula, M is fan torque, p is air density, w is fan speed, S is
sweeping area, and v is air velocity.

The tip speed ratio represents the speed of the wind turbine, which is
expressed by the ratio of the blade tip circumferential velocity to wind speed

A, as shown in formula 6.
_ 2mnr

A= 6)

v

In this formula, n is wind speed, r is installation radius.

3 Analysis of Simulation Result

Under different incoming wind speeds, the wind energy utilization rate,
torque and power of the wind wheel vary greatly. The wind wheel has an
optimal running speed at different incoming wind speeds, and the efficiency
is the highest at this time. For the sake of maximizing the conversion of the
mechanical energy obtained by the wind wheel into kinetic energy, the char-
acteristics of the wind wheel must be matched with the characteristics of the
generator, so as to realize the wind energy maximum utilization and improve
the operating efficiency of the wind generator. This article mainly discusses
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the power and torque characteristics of the generator. When the incoming
wind speeds change in range of (2 m/s, 12 m/s), the power and torque curves
of the wind wheel are calculated to study the matching characteristics about
the wind wheel and generator.

3.1 Research and Analysis of Wind Wheel Aerodynamic
Performance

Figure 5 is the curve of wind energy utilization rate of the wind wheel with
the tip speed ratio under different incoming wind speeds. The tip speed ratio
corresponding to the different speeds of the wind wheel can be calculated by
Equation (6). Figure 5 shows that wind speed affect the efficiency of wind
turbine utilization significantly. When the tip speed ratio is below 1.5, the
wind energy utilization curve at each wind speed basically overlaps, and the
wind energy utilization rate of the wind turbine at each wind speed has a
small difference. When the tip speed ratio is above 1.5, the difference in wind
energy rate at each wind speed is obvious. When the wind speed is from
2 m/s to 12 m/s, the higher the speed, the higher the maximum wind energy
utilization rate. At every incoming wind speed, the wind energy utilization
rate increases first and then decreases with the peak speed ratio of wind
energy. The tip speed ratio is about 2.0, and the wind energy utilization rate
reaches the maximum value.

From Figure 6, we can obtain the variation of the wind wheel torque
with the rotation speed under different incoming wind speeds. We can gain
that under different incoming wind speeds, the rotating speed range of the
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Figure 5 Wind energy utilization rate under different incoming wind speeds.
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Figure 6 Under different incoming wind speeds, the wind wheel torque varies with the
speed.
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Figure 7 Under different incoming wind speeds, the wind wheel power varies with the
speed.

wind wheel is also quite different. When the wind speed is 2 m/s, the wind
wheel torque is almost zero during the working process. If the wind speed is
above 3 m/s, the wind wheel torque gradually increases, and if the wind speed
reaches 12 m/s, the torque of the wind wheel reaches the maximum value.
Figure 7 is a graph showing the change of wind wheel power with rotation
speed under different wind speed and incoming wind speed. The change
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of power with speed at different wind speeds is basically the same as the
change of torque with speed. At low speeds, the wind wheel power is lower
at different wind speeds, and the power curves almost overlap. When the
working speed increases, the power of the wind wheel increases significantly.

From Figures 6 and 7 that at different wind speed, it corresponds to the
maximum torque and power of wind wheel respectively. During the running
of the wind turbine, the rotation speed of generator is always equal to the
wind wheel rotation speed. If the generator rotation speed is always equal to
the wind wheel speed under different incoming wind speeds, the generator
will maximize the conversion of wind energy into electrical energy.

3.2 Optimal Power Matching Between Wind Wheel and
Generator

Under different incoming wind speeds, if the optimal operating points of
the wind wheel power curve and the optimal operating points of the torque
curve are connected, the optimal output power curve of the wind wheel is
obtained. And if the optimal operating points of the wind wheel torque curve
are connected, the optimal output torque curve of the wind wheel is obtained.
As long as the power and torque curves of the generator coincide with the
optimal power and torque curves of the wind wheel, the wind turbine system
composed of the generator and the wind wheel acquires the optimal matching
characteristics.

Figure 8 is the best torque curve of the wind wheel. And Figure 9 is
the best power curve of the wind wheel. When the selected motor torque
curve and power curve coincide with the best torque and best power curve
respectively, the obtained wind energy can be utilized to the maximum extent.

Figure 10 shows the matching curves of the output power between wind
wheel and the generator under different incoming wind speeds. Curves a,
b, and c are the power curves of the generator under different loads. The
intersection between the power curve of the generator and the wind wheel
is the operating point of the wind generator. The intersection points of the
three load curves and the wind wheel power curve are different, and the
corresponding power and speed are also different.

The output power of load curve c and load curve a is basically the same,
but the speed of the wind wheel corresponding to curve a is obviously lower
than that of curve c. When the rotating speed is too high, the stability and
reliability of the wind turbine system will be significantly reduced. Therefore,
the load size of the generator can be changed while the output power remains
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Figure 8 Best torque matching diagram.
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Figure 9 Best power matching diagram.

unchanged, thereby reducing the speed of the wind wheel. When the load
power curve is a and c, the load size of the generator can also be adjusted and
changed to make the wind generator work at the optimal speed to ensure the
maximum output power.
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Figure 10 Matching curves of wind turbine and generator under different loads.

4 Conclusions

(1) Under different incoming wind speeds, wind energy utilization rate
changes with the tip speed ratio: if the tip speed ratio is above 1.5, the
difference in wind energy rate at each wind speed is obvious. When the
wind speed changes from 2 m/s to 12 m/s, the higher the wind speed,
the higher the maximum wind energy utilization rate. At every incoming
wind speed, the wind turbine’s wind energy interest rate increases first
and then decreases with the peak speed ration of wind energy. The peek
speed ratio is about 2.0, and the wind energy utilization rate reaches the
maximum value.

(2) Under different incoming wind speeds, the torque of the wind wheel
changes with the speed: if the speed of wind is greater than 3 m/s, the
wind wheel torque gradually increases, and if the wind speed reaches
12 m/s, the wind wheel torque reaches the maximum value.

(3) Atdifferent incoming wind speeds, the power of the wind wheel changes
with speed: when the speed is very low, the power of the wind wheel
is low, and the power curves almost overlap. When the working speed
of the wind wheel increases, the power of the wind wheel increases
significantly.

(4) Figures 8 and 9 are the best torque and power curves of the wind wheel
respectively. When the selected motor torque and curve and power curve
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coincide with the best torque and best power curve respectively, wind
energy can be used to the maximum extent.

(5) Under different incoming wind speeds, the output power of the wind
wheel matches the generator: the intersection points of the three load
curves and the wind wheel power curves are different, and the corre-
sponding power and speed are not the same. By adjusting the load, the
wind generator can be The output power and working speed are adjusted.
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