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Abstract – The aim of this research is to develop a vertical rotation axis variable geometry wind 

turbine (WT). The experimental prototype is being manufactured with the help of CAM 

(Computer-aided manufacturing) technologies – computer-based preparation of the product 

manufacturing process. The Institute of Aeronautics of Riga Technical University is using 

CNC (Computer Numerical Control) machines for manufacturing the innovative WT and its 

components. The aerodynamic research has been done in T-4 wind tunnel at an air flow rate 

from 5 m/s to 30 m/s. The power increase of the variable geometry WT is a topical issue. 

Installation of such WTs in wind farms is possible and is subject to further research.  
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I. INTRODUCTION 

The world’s energy consumption is constantly growing and it is likely to grow along with the 

development of different countries [1]. It is forecasted that by 2050 energy consumption in the world 

may grow by 3.5 times [2]. In accordance with the EU’s climate and energy regulations, Latvia, as 

an EU member state, has to achieve the use of 40 % renewable energy sources out of total energy 

consumption. To ensure energy independence, it is essential to expand the use of renewable energy 

sources. This would support energy independence as well as inner entrepreneurship.  

Wind turbines (WTs) can be classified either by their purpose or by their effectiveness, which is 

indicated by the conceptual scheme of the wind turbine – a type of rotation axis and rotor [3]. WTs 

can have both horizontal and vertical rotation axes. Turbines with horizontal rotation axis are called 

collinear, while turbines with vertical rotation axis [4]–[6], [8]–[10] – orthogonal. The turbine with 

the horizontal rotation axis is called collinear because its efficiency directly depends on the direction 

of the wind. According to Albert Betz’s law, the maximum possible power coefficient that might be 

obtained by the WT in real environment is ξ = 0.593 [1]. Nowadays, collinear WTs may reach a 

power coefficient in the range of ξ = 0.46 to 0.47 [2], [8]. It means that the efficiency of these WTs 

is up to 47 % of air flow energy and it is notably close to the maximum possible value.  

This research is being done for the market of low-power wind turbines, which is currently growing 

in Latvia and has great potential for use. The aim of this research is to develop a variable geometry 

wind turbine (WT). The experimental prototype is being manufactured with the help of CAM 

(Computer-aided manufacturing) technologies – computer-based preparation of the product 

manufacturing process [11], [12]. CNC (Computer Numerical Control) machines are being used for 

the manufacturing of the WT and its components. The power increase of the variable geometry WT 

is a topical issue. Installation of such WYs in wind farms is possible and planned for further research. 

II. EXPERIMENTAL PROTOTYPE DEVELOPMENT  

It is possible to manufacture complicated shape and high precision components (blade profiles, 

folding rotor elements, tower parts, etc.) for the experimental prototype of the variable geometry WT 
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with the help of automated production and CAM technologies. To manufacture the experimental 

prototype and its components, “Beaver VICTOR VW09” 3-axis milling machine and 

“StepDir 10060” laser cutting device are being used. The experimental prototype corresponds to the 

industrial prototype with parameters shown in Table I. 

TABLE I 

PARAMETERS OF VARIABLE GEOMETRY WT INDUSTRIAL PROTOTYPE  

Parameter Value 

Power  1 kW 

Weight  200 kg 

Height (with foundation)  10 m 

Foundation area 8 m2 

Rotor area 4 m2 

Rotor height  2 m 

 

The WT experimental prototype is to be manufactured to a scale of 1:7 in compliance with the 

original drawings and assembly schemes (Fig. 1). All WT components are being manufactured in 

accordance with the planned materials – the tower is to be made of steel, the blades – of carbon and 

fiberglass composite materials, the drawbars and folding mechanism components – of aluminium and 

steel.  

 
Fig. 1. Variable geometry vertical rotation axis WT. 

The experimental prototype is being made for demonstration purposes, aerodynamic research, 

material and blade folding mechanism tests. There is a servomechanism attached to demonstrate how 

the rotor blades are folded and a micro generator for demonstration purposes.  
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III. AERODYNAMIC RESEARCH  

Aerodynamic experiments require the use of proper equipment, i.e. extensometers, fasteners for 

blades and fasteners for wind tunnel balance [13]–[15]. Such equipment was manufactured from 

fiberglass by using CAM programs. Since this additional equipment may significantly affect the 

results of aerodynamic research, the components were manufactured with precision not less than 

0.02 mm. After the manufacturing, configuration was done taking into account of the specific data of 

WT blade experiments. The aerodynamic research was done in T-4 wind tunnel [2], [3] at the Institute 

of Aeronautics of Riga Technical University (Fig. 2, Table II). 

 
Fig. 2. Principal scheme of T-4 wind tunnel and WT blade experimental prototype during the aerodynamic research 

1 – nozzle, 2 – fans, 3 – open work area, 4 – pre-chamber, 5 – return passage, 

6 – research model with an alpha mechanism, 7 – diffuser. 

TABLE II 

TECHNICAL PARAMETERS OF T-4 WIND TUNNEL  

Parameter Value 

Air flow velocity  5 m/s to 30 m/s 

Air flow velocity (work area) Up to 2 × 106 

Total pressure Atmospheric 

Dynamic pressure Up to 550 Pa 

Number of motors 2 

Max electric power  14 kW 

Number of fans  2 

Number of blades (each) 8 

Work area dimensions 

Nozzle cross section (elliptic) 1.2 m × 0.7 m 

Work area length  1.1 m 

 

The flow rate was adjusted to determine the following parameters: 

 blade efficiency at a given operating speed; 

 blade characteristics; 

 power coefficient; 

 blade rigidity; 

 construction strength; 

 blade vibration; 

 aerodynamic resistance factor; 

 other parameters for determining the total efficiency of the WT. 

The aerodynamic lift (CL) and aerodynamic drag (CD) at different angles of attack () of 

aerodynamic profile NACA 0012 blade can be seen in Table III. 
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TABLE III 

AEROFOIL NACA 0012 RESULTS 

Wing  = 13.33 

 CL CD E 
 

0 0.000 0.0065 0.00000  

2 0.132 0.0079 16.70886  

4 0.263 0.0119 22.10084 
 

6 0.397 0.0192 20.67708  

8 0.528 0.0293 18.02048  

10 0.660 0.0424 15.56604 
 

12 0.784 0.0578 13.56401  

14 0.905 0.0750 12.06667  

16 1.020 0.0950 10.73684  

18 1.098 0.1160 9.465517  
 

The obtained results allowed the authors to calculate the aerodynamic quality E. As seen from the 

table, the maximum aerodynamic quality is reached when the angle of attack α = 4°, which is 

considered as the optimal mounting angle of WT blades. 

 
Fig. 3. Connection between the aerodynamic drag (CD) and angle of attack (). 

In Fig. 3, the connection between the aerodynamic drag (CD) and angle of attack () is seen. The 

aerodynamic drag increases along with the increase of the angle of attack, so the WT blade must be 

fixed with a bracket.  

 
Fig. 4. Connection between the aerodynamic lift (CL) and angle of attack (). 

y = –4 · 10–6x3 + 0.0004x2 – 0.0004x + 0.0066

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0 5 10 15 20

C
D

α

C_D vs Alpha

Poly. (C_D vs Alpha )

y = 0.0624x + 0.0169

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 5 10 15 20

C
L

α

C_L vs Alpha

Linear (C_L vs Alpha )



Transport and Aerospace Engineering 

 ________________________________________________________________________________________ 2017 / 5 

32 

In Fig. 4, the connection between the aerodynamic lift (CL) and angle of attack () is seen. The 

aerodynamic lift increases along with the increase of the angle of attack, but it does not increase the 

aerodynamic quality.  

WT initial data are provided in Table IV. 

TABLE IV 

WT INITIAL DATA 

WT diameter 1.948 m 

Radius 0.974 m 

Wind speed 5 m/s 

Rotation speed 130 RPM 

Rotation speed 2.166667 RPS 

Speed of blade 13.25962 m/s 

Wing  5  

Wing  13.33  

Coefficient K_ 0.375094  

C_X_0 0.0065 
 

Wing chord 0.15 m 

Wingspan 2 m 

Wing area 0.3 m2 

Air density 1.225 kg/m3 

ω 13.61357  

Wind velocity pressure 15.3125 
 

 

To calculate the power coefficient, the following formula was used:  

 𝐶P = 𝑀𝜔 = 𝑀2π𝑛. (1) 

To calculate the speed ratio, the following formula was used:  

 𝑍 =
𝑅ω

𝑉wind
. (2) 

The connection between the power coefficient CP (1) and speed ratio Z (2) is provided in Fig. 5. 

 
Fig. 5. Connection between the power coefficient and speed ratio. 
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IV. CONCLUSION 

Vertical rotation axis WTs are a relatively new type of power plant, and they are still in the process 

of development. All of their analogues, which are currently available in the market, mostly have fixed 

geometry and massive braking systems, so they have the following disadvantages:  

− special devices are needed to start up the WT; 

− at high wind speeds and rotation speeds, WT blades have a large angle of attack, which leads 

to low efficiency; 

− the reversed stress cycle builds up at forced WT stops and high wind speed, so significant 

safety factors shall be applied.  

To avoid these disadvantages, it is not enough to install additional devices – the whole WT structure 

shall be reviewed. The automatic variable geometry is an innovative and energy efficient solution, 

because such a structure does not require human assistance during operation and continues to produce 

energy during low wind speeds. 
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