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The paper discusses problems of alternative energy sources uses, particularly wind energy utilization. 

The results of an experimental study of the aerodynamics of wind turbines using Magnus effect are 

considered. To carry out testing, a model of a three-blade wind turbine with rotating cylinders of various 

cross-sections was made. Aerodynamic testing of the wind turbine model at various airflow conditions was 

performed. Dependencies of drag force, tractive force and rotation frequency of the wind wheel on the flow 

rate at different yaw angles of the flow were found. It is shown that the use of rough-surfaced rotating 

cylinders of various cross-sections makes it possible to use an additional moving force resulting from the 

Magnus effect. 
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Introduction 

One of the most important features of the modern world is the increased attention of the 

international community to the problems of expediency and efficiency of energy utilization, the 

implementation of energy-saving technologies and search for renewable energy resources. The 

increasing demand of the humanity for energy resources necessitates search and increased use of 

alternative sources of energy supply. Therefore, the development of methods and technologies using 

renewable sources are important and relevant not only in Kazakhstan, but also throughout the world 

[1-3].  

Issues of meeting the ever-increasing demands for all types of energy, the natural resources 

depletion, the harmful environmental impact, the danger of global warming, etc. are increasingly 

discussed at highest national and international levels. In Kazakhstan, these issues become even 

more urgent in view of preparation for the world exhibition of science and technology achievements 

"World Expo-2017", the main topics of which are "Energy of the future" and "Ecologically clean 

energy" [4]. 

The potential of renewable energy resources such as hydro-energy, wind and solar energy is 

very significant in Kazakhstan. It should be noted that wind energy does not pollute the 

environment and it is possible to produce clean, inexhaustible energy in local areas or sites remote 

from centralized electric networks using the wind. Despite all the advantages, in Kazakhstan the 

share of wind energy conversion is only 0.4% of the total production of electricity. On the one hand, 

this is due to the fact that the major part of Kazakhstan are the areas with low annual average wind 

speeds in which the use of industrially-produced wind turbines is economically unsound. In this 

regard, construction of wind power plants, effectively operating in low average wind speeds, is 

highly relevant and meets the basic priorities of the development of science and technology in 

Kazakhstan. 

The paper presents the results of experimental research of aerodynamic characteristics of a 

three-blade wind turbine with rotating cylinders of various cross-sections at different airflow 

conditions. 
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1. The application of Magnus effect in wind turbines

The developed plant makes use of the Magnus effect, i.e. the physical phenomenon that results 

when fluid flows past a rotating body. The main point of this phenomenon is in the fact that in the 

flow past a rotating body there arises a force acting on the body and directed perpendicularly to the 

flow as a result of combined effects of the Bernoulli effect and the formation of a boundary layer in 

the medium around the streamlined object [5]. The rotating object makes a turbulent motion in the 

environment around it. On the one side of the object, the vortex direction agrees with the direction 

of the streaming flow and, respectively, the medium motion rate increases on this side. On the other 

side of the object, the direction of the vortex is opposite to the flow direction and the medium 

motion rate decreases. Because of the rate difference there is a pressure difference causing a lateral 

force on that side of a rotating body where the direction of rotation and flow direction are opposite 

to the side where the directions are the same [5-8]. 

It is the Magnus effect that causes curved motion of a rotating sphere. It is established that the 

effect of force action of air flow on the rotating cylinder is almost 10 times greater than that on the 

sail of the same streamlined surface [5, 6]. This phenomenon of the origination of great force action 

on the rotating cylinder is used in some aircraft. In the invention of Bolotov A.V. et al., the Magnus 

effect made it possible to increase the capacity of wind engines with rotary turbines. [9] The papers 

of Japanese scientist N. Murakami [10, 11] show that the Magnus effect makes for effective electric 

power generation at wind speeds over a wide range of the incident airflow rate. A scientist from 

Novosibirsk Professor N.M. Bychkov developed a wind turbine, each rotor of which is made of 

non-rotating root and rotating end portions, and a disk at the end [12].  

It is not possible to describe all devices and wind turbines using the Magnus effect in a single 

paper. However, studies show that origination of an incremental lift due to the Magnus effect 

reduces induced drag, providing higher efficiency relative to traditional bladed wind machines. 

2. Test technique in a wind tunnel T-M-1.

The authors made experiments to study the effect of the rate and direction of air flow on 

aerodynamic characteristics of a three-bladed wind turbine model with blades in the form of rough-

surfaced rotating cylinders of various cross-sections. Wind tunnel experiments were based on the 

principle of reversibility of motion positing that displacement of a body relative to air can be 

replaced by the motion of the air incident to a motionless body [5, 6, 13]. The testing was conducted 

on a big open-jet wind tunnel T-1-M, Fig. 1b. Details of the characteristics of the working section of 

T-1-M are described in [6]. An air flow with a uniform rate field ranging from 3m/s to 25m/s is 

formed in the working part of the wind tunnel T-M-1. 

For aerodynamic testing, a model of a wind turbine with rotating cylinders of variable cross-

sections was developed and made, Fig. 1. A wind wheel is designed as a system of three rotating 

impermeable rough-surfaced cylinders with horizontal axes of rotation. The authors had previously 

found that the use of cylindrical blades of porous material with end discs at the tops could increase 

the efficiency of wind energy conversion into mechanical energy of wind-wheel rotation by (15-

20)% [8]. 

The aerodynamic testing showed that the porous surface of the cylinder makes for active 

trapping of the air. In order to reduce excessive flow turbulence due to the partial migration of the 

air current into the pores, and accordingly, reduction in aerodynamic drag, in the test model the 

cylinder surface was covered with impermeable rough layer. 

The wind wheel diameter was D=0.4 m, the length of each cylinder was Lc=0.15 m, the 

cylinder base diameter was dc1=0.08 m and the neck diameter of the cylinder was dc2=0.05 m [14]. 

The shaft speed of the wind turbine was (40-60) r/min, the axial rotation frequency of cylinders was 

(500-900) r/min, and the minimum threshold of operating wind speed was equal to 3 m /s. 
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Fig.1. The model of the wind turbine with rotating cylinders of various cross-sections: 

a) a general view; b) in the working section of the wind tunnel.

To measure the components of the aerodynamic forces and moments acting on the model, a 

three-component aerodynamic balance of mechanical type was used. Through special-purposed 

tailings, the mechanical aerodynamic balance was attached to a rigid cubic frame, within which the 

model of the wind turbine was placed. The flow of air coming on the frontal part of the cylinder 

exerted forcing, so that the balance indicator deviated from equilibrium. Independence of 

measurements of the aerodynamic balance in mutually perpendicular directions made it possible to 

measure the value of the lift force Fl and drag force Fd at various flow regimes. Using a special-

purposed device the wind turbine model was turned by predetermined angle  relative to the 

direction of air flow, thus providing flow past the model at different angles of attack (yaw angles of 

the flow). The traction force Ft at different rates and directions of air flow was measured using 

dynamometers. Measurements of aerodynamic forces were repeated at least 5 times, the 

measurement error did not exceed (4-5) %. 

To measure the angular rate of the rotating cylindrical blades, a contact-contactless digital 

phototach AT-8 was used, which provided measuring frequency in the 0.1 r/min to 10,000 rev/min 

range.   

3. Discussion of tests results

Figures 2 and 3 show the curves obtained by measuring dependencies of drag forces on the rate 

of flow at different yaw angles. The yaw angle of the flow α is the angle between the direction of 

the air flow rate and the direction perpendicular to the plane of the wind wheel.  

Fig. 2 shows that the drag force increases with growing air flow rate, however, the greater is 

the yaw angle of the flow, the less are the values of drag forces. 

Figure 3 shows that within the range of yaw angles of the flow α=(0÷15) degrees the drag force 

of the wind turbine remains substantially constant; in the 15 degrees to 40 degrees range the drag 

force reduces, and then within the range (45-60) degrees an increase in drag force is observed. This 

change in the drag force value is due to the fact that with increase in deviation of the flow direction 

from perpendicular to the plane of the wind wheel the mid-section area reduces. When the angle of 

attack is over than 60 degrees, all flow rates grow due to the flow past the wind wheel at the 

backside. 
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Fig.2. Dependence of the drag force on the flow rate at different yaw angles of the flow α 

Fig.3. Dependence of the drag force on the yaw angle of the flow α at different flow rates. 

Fig. 4 shows the results of experiments on the effect of flow direction on the rotation rate of the 

streamlined wind wheel with rotating cylindrical blades of variable cross-sections. From these 

graphs it follows that with an increase in the yaw angle of the flow the rotation frequency of the 

wind wheel of a three-bladed wind turbine model decreases, which can be explained by the decrease 

in the total pressure on the wind wheel due to reduced mid-section area, and consequently, lowered 

rotation rate of the wind wheel. The tractive force generated by the wind turbine is considered a 

useful effect in the conversion of wind energy.  

Figures 5 and 6 show dependences of the tractive force of the wind turbine model with 

cylindrical rotating blades on the air flow rate at different yaw angles of the flow. Fig. 5 shows that 

with the rise in the air flow rate the value of the tractive force of the wind turbine model grows. At 

the yaw angle of 0 degrees when the air flow rate is 15 m/s, the maximum tractive force of 612.6 H 

is achieved. However, with increasing yaw angle of the flow the value of the tractive force of the 

three-bladed wind turbine model decreases, Fig.6. With the increase in air flow rate, the value of the 

tractive force of the three-bladed wind turbine model increases, this is also due to an increase in the 

pressure force on the wind wheel. This is explained by the fact that with rise in the flow rate, 

pressure force on the wind wheel increases, and when the yaw angle of the flow increases it 

decreases with reduction in the mid-section area. 
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Fig.4. Dependence of rotation frequency on the yaw angle of the flow α at three different flow rates 

Fig.5. Dependence of the tractive force of wind turbine model at different yaw angles of the flow 

Fig.6. Dependence of the tractive force of the wind turbine model on the yaw angle of the flow 

at different flow rates 
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Conclusion 

The present level of technological development and high technology makes for the use of a 

rotating cylinder to generate arising incremental lift force directed across the flow. As a result of the 

aerodynamic testing of a wind turbine model with blades in the form of three rotating cylinders of 

variable cross-sections, dependences of drag and tractive forces on the flow rate at different yaw 

angles of the flow were found. The frequency of rotation of the wind wheel of the model at different 

flow conditions was studied.It had been previously found that by using  porous cylinders with end 

discs at the tops it’s possible to increase efficiency of wind energy conversion into mechanical 

rotation energy of a wind wheel (15-20)% [8]. In the experiments cylindrical rough- surfaced blades 

were used. Aerodynamic testing showed that the model of the wind turbine also carried out active 

trapping of the air flow due to the rotating cylindrical rough-surfaced elements. Obviously, that was 

caused by the additional force arising due to the Magnus effect. 

A further analysis of the aerodynamic characteristics of three-blade models with rotating 

cylinders of porous material and coated with an impermeable rough-surfaced layer at different flow 

conditions will be carried out. Various cross-sections of the cylinders provide the rotating elements 

optimal aerodynamic drag and sufficiently high tractive force within a wide range of rates. 

However, when a yaw angle of the flow is above 45 degrees the value of the tractive force sharply 

drops.  In practice, it is desirable to use a special-purposed device to keep the angle of attack from 

rise over 45 . The quoted results valid for the above mentioned model of the wind turbine at the 

indicated conditions of aerodynamic testing are quite applicable and can be used in practice. 
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