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In this paper we present the results of the research conducted to determine the effective version of guide blades of wind power installation (concentrator).

The aim of the theoretical study is to determine the effect of speed and pressure on the motion of the welding wind in order to determine the effective version of the blades, by adjusting the geometrical parameters of the guide shafts.

As a result of the theoretical study, the thickness of the spindle blades and their shapes at different wind speeds were determined for the distribution of pressure and velocity in the wind power installation’s concentrator. The shape of the sheets was constructed in the COMSOL Multiphysics program, and the air pressure variation along the spindle pressure was investigated according to the shape and thickness of the blade. The Navier-Stokes equation for computable liquids was extracted into the COMSOL Multiphysics program using the Reynolds Averaged Numerical Simulation (RANS).
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INTRODUCTION

As known, one of the significant factors of the decrease in the efficiency of wind power installation (WPI) is the random nature of the variations in the speed and direction of the air flow.  In order to create the required air flow, several designs of wind turbine designs have been proposed in recent years using airflow concentrators [1-3]. Concentrators in many projects are in the form of fixed constructions of diffuser or confuser types. However, their use is not always effective due to large losses of wind energy (from 15 to 25%). As is known, the flow of air entering into such concentrators, air flow contact with the walls of the concentrator and swirls, forming a certain turbulence, creating a rather serious resistance. This disadvantage is absent in multi-channel concentrators, with guide blades. In JS KazISR on energy under the leadership of M.B. Koshumbayev conducts scientific research to develop and create an experimental design for a vortex wind power installation with a flow concentrator [4-7]. In the concentrator, the guide channels operate on the principle of a Venturi tube [8], that is, a decrease in the cross-section of the channel makes it possible to increase the flow velocity leading to the wind wheel, consequently, the rotation speed of the wind wheel will increase and, accordingly, the energy efficiency of the vortex wind power installation (VWPI) will increase. However, due to its limited size, the experimental setup does not allow experimental studies to be carried out in a wide range of basic parameters. In this connection, the authors of the project suggest conducting an experimental study using computer simulation methods [8]. Numerical modeling of the model makes it possible to determine the main characteristics of processes, optimize the design and operation modes of a projected VWPI model with a flow concentrator. As a result of the computational experiment, the optimum configurations (the radius of curvature, thickness and number) of the guide blades of the flow concentrator will be determined, which will allow optimizing the design and increasing the energy efficiency of the VWPI. 
Construction of VWPI
The aim of the work is that to show velocity and pressure distribution when changing the thickness and shape of the guide blades (concentrator). 

The scheme of the general wind power installation is shown in Figures 1, 2 and 3. These pictures depict the wind power installation structure. Figure 1 shows a profile, 2 is a vertical image showing a picture A-A in Figure 3.
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Fig.1. Vortex wind power installation profile [9]
The installation operates as follows. The flow of air flows into the concentrator and moves along the tension rod 1 and the cone 4 toward the curvilinear walls 7. Under the effect of solar energy, the roof and the tube heat up 2, so the air flow temperature increases. The heated air moves along the curvilinear channel and its velocity increases due to the temperature rise and the downstream channel. The air flow is directed to the suction pipe and the vortex motion is generated on the pipe. Air flow decreases hydrodynamic pressure only to one of the blades, does not affect the airflow backbone, so that the blade does not interfere [9]. 
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Fig.2. Vortex wind power installation [9]
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Fig.3. VWPI - A-A cross-section [9]
The generator 9  locates down of the construction and locates along with rod. This can help to increase the efficiency of the operation, and also reduces the center of gravity of the design as compared to prototypes. The energy of the vortex movement is given by curvilinear blades 5. Air flow is not affected by the curves of the blades. Even in holes in the ventilation ducts, the airflow does not overwhelm it when it changes its direction. When turned on, the torque returns to the generator 9, and the generator converts mechanical rotation energy into electricity. The flow of air flows into the hub and moves to the center by the helix. The air spiral movement is caused by the orientation of walls and blades. The angular velocity of the cave depends on the wall curvature. The capacity of the unit increases as the concentration does not exceed the radius.
Figure 4 depicts the geometrical 3D model of winding unit winding unit, which is a subject of research.
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1 - cone, 2 - rectilinear blades, 3 - booth stands, 4 - roof rails with a conical wound.

Fig.4. A general view of the concentrator.
FORMULATION OF THE PROBLEM 
1. Mathematical model   
The research was carried out in 2d model of concentrator of VWPI. Geometrical model is shown in the figure 5.
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Fig.5. Geometric 2D image of wind power installation concentrator (dimensions are given in mm)
In this study, the flow of air flowing through the guide blades in turbulent mode was investigated. In general, the COMSOL Multiphysics model uses the Reynolds equations for the modeling of turbulent flows (RANS) and several turbulence models: L-VEL, yPlus, Spencer-Allemar, k-ε, k-ω and SST. Including the model k-ω. Because this model gives good results when considering internal flows and curves on bending ducts. At the same time, wall functions are taken into account. This is most important when you examine turbulent flows.
Boundary conditions: Figure 6 shows the air entrances (INLET) and Outlet (OUTLET), the remaining walls are WALLS.  
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Fig.6. 2d model and boundary conditions of the VWPI’s concentrator
It was created a grid with the creation of automatic grid function in COMSOL Multiphysics. (Figure 7)

[image: image10.jpg]0.4
0.357}

0.3
0.257}
0.27
0.157]
0.1
0.057}
ot
-0.057]
-0.1
-0.157]
-0.27]
-0.257]
-0.3
-0.357]
-0.47
-0.457t

0.2

0.4





Fig.7. Computational grid for 2d geometrical model of concentrator.


The medium you are looking at is compressible, viscous and steady. The general law of conservation of law and movement equation is written as follows:
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The medium turbulent and obtained k-ω model, the following additional equations are added:
Kinematic viscosity:
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Turbulent kinetic energy:
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Specific frequency of dissipation:
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Coefficients and additional relationships:
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2. Results and discussions 
The thickness of the guiding blade was considered as 14, 26, and 70 mm, and the circumstances under which the shape (curvature) was changed. The air velocity was 10, 15, 20 m / sec for each case. The flow is directed from left to right and is given in several degrees (0, 15, 30, 45). The results, when the velocity is 15 and 20 m / s, are analogous to the results with a velocity of 10 m / s, and the results, given at 0, 15, 30, 45 degrees, are analogous to the initial, i.e. velocity of 10 m / s, 0 g in the following illustrations.
1) Shape of the guide blades is vertical and near to curve, the flow moves from right to the left (Figures 8-9).
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Fig.8. Velocity distribution when initial velocity was 10 m/s.
As we can see that in the figure 8, the form of blades does not create vortex motion. It creates resist to wind turbine which will locate in the centre of this concentrator. 
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Fig.9. Pressure distribution, velocity was 10 m/s.

2) Results in the case when curvature radius of the blades was changed. Velocity of the flow - 10 m/sec (Figures 10-11).
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Fig.10. Velocity distribution. The thickness of blades is 14 mm.
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Fig.11. Velocity distribution. The thickness of blades is 26 mm.
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Fig.12. Velocity distribution. The thickness of blades is 70 mm.
In these figures we also can conclude that it creates resist to rotational motion of turbine which will locate in the center of this installation. But we can see that when we increase thickness of blades, then velocity increases. It means that spending material will increase.

3) The case when curvature of the blades chosen to create vortex motion.

Results when blades locate vertically and thickness is 26 mm:
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Fig.13. Velocity distribution when velocity was equal to 10 m/s.
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Fig.14. Pressure distribution when velocity was equal to 10 m/s.

The following results when form of the blades was changed:
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Fig.15. Velocity distribution when thickness was 14 mm (velocity of flow is 10 m/s)
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Fig.16. Pressure distribution when thickness was 14 mm (velocity of flow is 10 m/s)
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Fig.17. Velocity distribution when thickness was 26 mm (velocity of flow is 10 m/s)
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Fig.18. Pressure  distribution when thickness was 26 mm (velocity of flow is 10 m/s)
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Fig.19. Velocity distribution when thickness was 70 mm (velocity of flow is 10 m/s)
[image: image36.jpg]0.6
0.5
0.4
0.3
0.2
0.1

-0.1
-0.2
-0.3
-0.4
-0.5
-0.6
-0.7

Contour: Pressure (Pa)

T

T

-0.5

0.5

108.92
96.5
84.08
71.67

£459.25
1 46.84
1 34.42

22
9.59
-2.83
-15.24
-27.66
-40.08
-52.49




Fig.18. Pressure distribution when thickness was 70 mm (velocity of flow is 10 m/s)
So, There was no significant change in the pressure of blades thickness. Significant differences are observed in the speed spectrum. The number is quite different when considering the speed at the entrance to both blades. When the blade thickness is 14 mm and 26 mm, the air flow velocity between the two blades increases by 10-20%. And when the blade thickness was 70 mm, the velocity increased by 40%. Although the thickness of the blades increase, then velocity increases too. At the same time, the cost of the material should be taken into account.
In the case when blades’ are vertical and locates with some curvature Fig. 13), it is difficult for the airflow to flow continuously in the concentrator. Influence of the pressure on the walls increase also. (Figure 14).
CONCLUSIONS

The research work was carried out within the framework of the scientific project "Creation of optimal wind power installation (WPI) with concentrator of flow" at the Ch.Chokin Energy Research Institute.
In this paper, a study was conducted to determine the optimal version of the blades VWPI’s concentrator.
Three types of blades were used to guide the wind direction to the wind power unit through the guide blades. The research results were obtained due to their thicknesses (14, 26, and 70 mm), location and wind velocity (10, 15, 20 m / s). Airflow varied in several degrees and the result was analog (0, 15, 30, 45). The study was carried out in the COMSOL Multiphysics application packages using the RANS method for the Navier-Stokes equation for incompressible liquids. The speed and pressure distribution were investigated and the results were graphically illustrated.

By analyzing the results of the calculations, as the thickness of the wind power installation guide blade increases the thickness of the air duct was decreased, velocity increased. When the form was as an arc, the air flow turned into a vortex motion, with increasing of velocity of 10-20%. Initially, when the blade thickness was 14 mm and 26 mm, velocity at the entrance increased by 20%, and the velocity increased by 40% when the thickness was 70 mm. This work needs further research. The future is focused on determining the effective type of its thickness and determining the shape of the blade, its radius of curvature.
NOMENCLATURE
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 - Specific frequency of dissipation;
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 - Velocity averaged deformation tensor;
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 - Specific stress tensor;
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 - Dimensionless parameter of vortex tension;
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 - Averaged vortex tensor;
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 - Equilibrium parameter;
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 - Dissipation per mass.
Subscripts

VWPI – vortex wind power installation;
RANS – Reynolds averaged numerical simulation.
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