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1. Introduction

To save fuel and energy resources, to reduce t

to regions, requires the development of hargessing,of )

a potential of renewable energy sources. e e, in most parts of the territory of the Republic of

Kazakhstan an average annual wind speedyis therefore the urgent task is to develop a windmill. Of
t

particular interest is the windmill base ating cylinders of constant and variable cross-sections that can
efficiently operate even at low wind

>

ole in achieving the energy targets. Both small and industrial sized wind
0 be considered economically effective. The small wind turbine market is still
orowth in the near future (Brusca, 2014).

turbine systems have the
developing and co

shows that a wind turbine with revolved cylinders which can operate at low
f speéial”interest. The close analogs are two variants of the elements of wind turbines which
ess than 5 m/s: a sail-type wind turbine developed at the Academician Lavrentyev

Aerodynamic characteristics of cross-flowed fixed single cylinders in an infinite stream has been fairly well
studied by S.I. Isataev in his work (Akylbaev, 2003). Effect of cross-section area reduction ratio of flow on the
flow pattern of an infinite cylinder on acrodynamic and hydraulic drag are investigated and systematized in the
work of Akylbaev Zh.S. (Akylbaev, 2003; Zhangunov, 1987). Aerodynamics of short cylinders, quite often found
in power units and installations, is investigated using experimental and theoretical methods in the work of
Zhangunov O.N. (Issatayev, 1996).

The flow around a rotating cylinder is a problem in the engineering field, and there are a large number of works
reported in literature. Among these results, one of the well known phenomenon is the force called the Magnus
effect produced in the direction perpendicular to the direction of the flow. The fluid near the surface of a circular
cylinder is dragged along the moving surface due to the viscosity. Accordingly, the pressure in this side decreases
and the force is generated in the direction perpendicular to the flow. In connection with this effect, the lift and

215



www.ccsenet.org/mas Modern Applied Science Vol. 9, No. 2; 2015

drag of the body in flight having a spin becomes an important problem in the process of developing rotating
cylinder.

Swanson has reported, based on his experiments on a rotating cylinder in the transition zone, that the lift acting
on the rotating cylinder is not proportional to the increase the rotating speed and it changes depending on the
transition of boundary layer (Swanson, 1961). He has also reported that the flow speed increases in the
accelerating side, the width of wake becomes smaller, and the Strouhal number of the wake associated with the
Karman vortex increases. Furthermore, the Karman vortex is found to disappear for certain spin rate ratios
(Tsutahara, 1994).

However, nowadays there are extremely scarce works on the study of aerodynamics of the complicated flow
around a single rotating cylinder and a system of the ones which are components of developed by us windmill,
the rotating cylinders accompanied by a turbulent flow of the group of interacting vortices. Thednown works of
Bychkov N.M. are concerned with determining of aerodynamic parameters of single rotating cylinders in the
airflow (Bychkov, 2005).

The objective of the work is to study the effect of surface porosity on the acrodynamic characteristics of a single
rotating cylinder as the main component of a windmill operating at low wind speeds 4sing the“Magnus effect
(Kussaiynov, 2012; Wojciechowski, 1995).

On the basis of the analysis of existing studies we proposed an experimental investigation of the effects of
porosity on the aerodynamic characteristics of a rotating cylinder as component of a windmill, using the Magnus
effect.

Lift Force

Figure 1. The scheme of the rotating cylinder in the cross-flow

In the rotary motion of the cylinder in the upper aip flow, the flow rate and the surface speed are the same, they
add up and flow acceleration and increasesin speed appear.

At the bottom of the cylinder, thé flow tatc"and the surface speed have opposite directions, they are deducted,
there is deceleration and decreasejin speed. The appearance of such a difference in speed leads to a transverse
pressure difference and the@ppearancesof a transverse lift force, called the Magnus effect, is shown in Figure 1.

Application of Magnus effect at rotating a cylinder in a flow has been known since ancient times (Bolotov, 2004;
Akylbaev, & Turmuliambetov,i1996; Bychkov, 2004), but the possibility of practical use as a driving force for a
new generation of windmills for'small flow rates has been systematically studied only in recent years.

2. Phenegmenon of theiMagnus Effect

Each of‘youfobserved this phenomenon while watching a football match or tennis games. We all know that a
soccer ball'aimed at the goalposts with a twist moves along a curved locus, a tennis ball flying swiftly over the
net with a twispalso deflects from the rectilinear locus. At the bottom of these two examples we can see that on
bodies flying with rotation in the air flow affects lateral force deflecting from the rectilinear locus, first described
in 1853 by a German physicist Heinrich Magnus and named the Magnus effect in his honor. We used this
phenomenon in our project to construct a wind turbine. But instead of a ball we have a rotating cylinder which
creates a great force of the Magnus effect. In 1924 a German engineer A. Flettner first tested this phenomenon as
a rotary engine instead of sails on the ship “Bukau” One of the first wind turbines which used the effect of
rotating cylinders was a wind ship of A. Flettner, (Ding, Aidun, 2000; Bychkov, 2004; Chaviaropoulosand,
Hansen, 2000). Flettner’s wind ship or the Flettner rotor has amazing characteristics that cannot be explained by
simple notions of wind pressure, suffice it to say that the use of force on the rotating cylinder should be 10-15
times larger than on a sail with the same visible surface.
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At the present time hydrodynamics not only may explain well this seemingly mysterious
became a planned guide at the discovering of large forceful actions of rotating cylinder. T
is that, in contrast to the existing simple helical wind turbines, the blades of which reflegt the a for small
angles is shown in Figure 2, in our wind turbine the cylindrical elements much mor ci capture the wind
flow through the rotation of the cylinders themselves. Due to this fact, the high efficieney,of the wind turbine at
low wind speeds is ensured is shown in Figure 3.

3. Numerical Analysis
3.1 Numerical Methods

method, and the ti
software, :

nor the up and down walls.

Namely, u=0, v=0.

The velocities and pressure on the inlet and outlet boundary are given as follows:
Inlet: u=const, v=0

Turbulent intensity 1%, Outlet: p=0.

3.3 Computational Region and Meshes

The Object to be analyzed is a two-dimensional circular cylinder. The mesh figure is shown in Figure 4. Setting
the diameter of the circular cylinder as d (10 cm), the areas of analysis are such that the front and the up-down
directions are 5d, and the back is /5d from the center of circular cylinder. The left hand side is an inlet and the
right hand side is an outlet is shown in Figure 5. The up and down sides are the wall.
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Figure 5. The computational grid

4. Research Methodology

The experimental plant was a closed type wind tunnel with'an ope rking section with metal frame hanging
on a three-component aerodynamic balance (Sakipova, 2012)5The diameter of the working section was 0.5 m,
its length was 0.8 m.

ge from 5 to 13 m/s (Re = 40,000-105,000) at a
constant revolutions number of the cylinde . The drag force and lift force of the rotating cylinder
was measured with the three-component ae balance. The three-component aerodynamic balance
makes it possible to measure the drag fofce and.thelift force with a sufficiently high degree of accuracy.

Investigations were carried out within thefir

The arrangement of the main co of the plant in the working section of the wind tunnel is shown in
Figure 6.
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Figure 6. Scheme of the experimental plant for the study of aecrodynamic characteristics of the cylinder
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Here in Figure 6: 1 — the cylinder under investigation; 2 — a frame for fixing the model with aerodynamic
balance; 3 — drag balance; 4, 5 — lift balance; 6 — the rack for mounting cylinders; 7— the engine for rotation of
cylinders; 8, 9 — the diffuser and contractor of the wind tunnel.

The experimental model was streamlined with a cross air flow, generated in the working section of the wind
tunnel is shown in Figure 6. The cylinder was rotated by an electric motor.

The air flow approaching the frontal part of the cylinder, applies a force that is indicated on the balance.

Figure 7 shows a photograph of a cylinder with a porous surface in the working section of a wind tunnel.
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After measuring, the dependency of the lift force on the rotational frequency of the cyli
porous surfaces with a diameter of 50 mm in the flow at a speed of U = 8 m/s and 12
We have found that, with the increase in the rotation speed of the cylinder, the lift force i
and reaches its maximum at a rotation speed of about 1300 rpm.

with a smooth surface with equal flow conditions. With the increase in
force increases, for example, at a flow rate of 18 m/s the increase in th@dia
increase in the lift force of more than 2.5 times. The magnitude of th
rotation speed of the cylinder, and this increase occurs only up to a ce
increase in the rotational frequency does not lead to an increasc|i
surfaces does not lead to a significant change in the nature o
values of the drag coefficient, as in the case of the lift force

0 to 150 mm leads to an
creases depending on the
maximum magnitude. A further
the lift*force. The degree of the porous
endencies and affects only the numerical

Reynolds number and the coefficients of aerodynamic chara calculated as follows:

The formula for determining the Reynolds number:

)
where u is the velocity of the air flo g the cylinder; d is the outer diameter of the cylinder under
study; v is the kinematic viscosity of air:

2
The formula for determining the lift force coefficient:

Fd
C, = P (€)
)
2

where C, is the lift force.

We conducted a comprehensive study to determine the dependence of the aerodynamic properties: coefficient of
drag and lift coefficient the geometrical parameters and mode parameters that are: Reynolds number and rotation
speed of the cylinders.

5. Results of Research of Aerodynamic Characteristics of a Rotating Cylinder with a Porous Surface
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Tests were performed with of two types rotating cylinders, a diameter of 120 mm and a length of 330 mm:
Having a smooth surface and a porous surface Nel and Ne 2. Difference between the two surfaces of the porous
cylinder is that the cell sizes of porous surface Nel twice less than sizes of the porous surface No2. The material
surface of the cylinder is made of moisture-resistant stainless mesh. The degree of porosity of the cylinder with
the porous surface Nel is 25%, and a cylinder with a porous surface Ne 2 is 50%.

Dependence of drag coefficient C| and lift force coefficient on Re number are shown in figures 8 and 9.

Cs —e—smooth surface
1.1 4 —e—porous surface Ne 1

14 —+—porous surface No 2
09 1 m
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Figure 8. Dependence of C_ on the Reynolds number
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Figure 9. Dependence of the lift fo

Figures 8 and 9 show that the drag coeffidient th icient of lift force of the rotating cylinder decrease
with increasing of flow velocity (Re numbers):

During the experiment, in addition tofstu pendency of aerodynamic characteristics coefficients we
investigated the dependence of drag coe nt and lift force coefficient on the rotation frequency of the cylinder
around its axis at a constant incid ty.

Figure 10 is a graph of depende % g coefficient on rotation frequency at a constant velocity of air flow

In Figure 10 you can see ]
coefficient. This is the¥fact that, when a stream at a certain velocity flows around a rotating cylinder,

vortex flow, fi the latter. These vortex flows will interact with particles of the air on the surface
of the ¢ at 1 and block the incident flow. With an increase in the frequency of rotation of the

ing force of the cylinder against the flow increases. Therefore, the drag of the rotating cylinder

(@ —e—smooth surface
16 1 —e—porous surface Ne 1
1.4 —#—porous surface Ne 2
1.2 A

1 1 e
0.8 A o L e
0.6 -~— *
0.4 : . ‘ \ w
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Figure 10. Dependence of the drag coefficient of the rotating cylinder on the rotation frequency

Figure 11 shows the dependence of the lift force coefficient on the frequency of rotation of the cylinder at a
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constant velocity of the cross-flow stream.

C, —e—smooth surface
1.7 —e—porous surface Ne 1

: porous surface Ne 2
1.4
1.1
0.8
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0.2 . . . . .
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Figure 11. Dependence of the lift force coefficient of a rotating cylinder on the rotation frequency

Figure 11 shows that at a constant velocity of the air flow, the lift force coefficient of the Totating cylinder rises
when the rotation frequency of the cylinder increases. This is due to the fact that when ghe“@ylinder begins to
rotate, it forms a swirling motion around itself. The rotating cylinder entrains the neighBoring layers of air; as a
result of it, the surrounding air gets, apart from the translational movement, rotationareundjthe cylinder as well.
In those places where the velocities of the rotational motion and translational movementiare added, the resulting
speed exceeds the velocity of the flow, approaching the cylinder. And on the opposite side of the cylinder, the
velocities are subtracted and the resulting speed is less than the velocity,of the flow away from the cylinder. As a
result of it, there is a difference in pressure on the cylinder surface. These differefices affect the coefficients of
aerodynamic characteristics of a rotating cylinder. The greater the rotation‘fiequency of the cylinders, the more
the pressure difference on the cylinder surface. Therefore, the coefficients of’aecrodynamic characteristics of a
rotating cylinder increase.

From the above charts you can see that increase in the porosity“of the cylinder surface leads to quantitative
growth of coefficients of aerodynamic characteristics of a xotating cylinder. The reason is as follows: when
flowing around a rotating cylinder with a porous surfaée with the air flow, a boundary layer is formed the on the
surface of the cylinder that will expand with ingrease/in the degree of porosity.

6. Conclusions

On the basis of the data research of the_effeet, of ‘porosity on the aerodynamic characteristics of a rotating
cylinder we can draw the following conglusions:

e drag and lift force coefficients of the'rotating cylinder as components of a windmill based on Magnus effect
depend on the Reynolds numiber. Ineréase in the flow velocity (Re numbers), is followed by reduction in the
coefficients of lift force and'drag by 5-10%.

*  Increase in rotation ffequengy of the cylinder around its axis raises the quantitative values of aerodynamic
characteristics of a rotating cylinder, i. e. drag coefficient and the coefficient of lift force.

e aerodynamic ¢haragcteristies of a rotating cylinder depend on the degree of porosity of the surface of the
cylindemyfhe mofe the degree of porosity the quantitatively greater drag and lift force coefficients.

Unlikegthe existing methods, this approach is based on the active capture of airflow by rotating cylindrical
elements)The scction” variability provides an optimal aerodynamic resistance and reasonably high traction for
rotating elements. This can be used to create wind turbines of a new generation based on the Magnus effect.
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