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The paper considers the prospects for the development of alternative energy forms in Kazakhstan, in
particular, wind energy. The article discusses the possibilities of using computer simulation of the
aerodynamics of the flow around a three-bladed wind turbine by the ANSYS FLUENT software
package. The system of initial equations and boundary conditions for solving the problem in
axisymmetric formulation are presented. The results of the construction of the computational domain
and 3-dimensional grid CAD-model of the wind turbine using the subroutine ANSYS MESH are shown.
The analysis of the adequacy of the results of the calculation of the aerodynamic drag force for the
virtual model of the wind turbine at various velocities of the incident flow is made.
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INTRODUCTION

Over recent years, Kazakhstan has been actively developing alternative energy forms, despite
the fact that the transition to renewable energy sources for Kazakhstan looks quite difficult due to
too cheap coal prices (the country ranks eighth in the world in terms of coal reserves) [1-3]. Indeed,
Kazakhstan has significant resources of renewable energy sources (RES), which include water,
wind and solar energy. Wind energy is the most relevant direction for the development of renewable
energy sources, since wind power plants are among the most environmentally friendly ways to
produce energy; they do not require fossil fuels, and do not produce harmful emissions into the
environment.

In 2019, the Ministry of Energy of Kazakhstan plans to launch 11 renewable energy source
facilities with an overall power of about 400 MW and to generate about 2 billion kWh of electricity
[1]. The renewable energy sources market is growing. In 2018, the share of renewable energy in
total electricity production was 1.3%, and by 2030 it is planned to reach 10%. Today, intensive
work on the design and construction of renewable energy source facilities is in progress region-
wise. Favorable conditions are created for the development of renewable energy generating
facilities in Kazakhstan, foreign investors are attracted, and auctions are being held to select
renewable energy projects [2]. All this necessitates of develop small wind power plants that
effectively convert wind energy into electrical or thermal energy.

This paper is concerned with computer simulation of a three-bladed wind turbine with rotating
cylinders, which, under certain flow regimes, permits the use of the Magnus effect [4-7]. To
determine the most effective parameters, both laboratory and field tests under natural conditions of
various wind turbine models were carried out. It is known that the production of mock-ups and the
implementation of full-scale and bench tests require significant financial costs and time. At the
same time, computing technologies in aerodynamics have reached a high level, which ensures the
complementarity of computer simulation and experimental research. The current level of
development of software systems, in particular, ANSYS CFX, makes it possible to model a wide
class of aerodynamic phenomena from laminar flows to turbulent streams with strong anisotropy of
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parameters [8, 9]. For example, the transitional model of turbulence correctly analyzes flow regimes
that are close to laminar ones, flows with developed flow separation zone and attached flow region.

1. Formulation of the problem.

System of equations

The problem under study at this stage is solved in an axisymmetric formulation, i.e. the
dependence on the azimuthal coordinate ¢ is not taken into account. Fluid flow is assumed to be
laminar and is described by a system of control equations in dimensional formulation [10-11],
including:

— total energy conservation equation

a(‘;thmt) _%"‘V'([)Uhtot) :V'(ZVT)"'V'(U 'T)+U '(SM,rot +SM,bu0y)+SE (1)
— momentum equation
a(gtU)—}_v.(pU'U):Vp+v'r+SM,rot+SM,buoy; (2)

— continuity equation

P v (oU)=0.
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The following symbols are used in the equations (1-3):
h, =hy, +U?/2—w*r?/2 —total enthalpy in rotary mode;

o —the angular rotation velocity of fluid; r —radius vector; p —fluid density;

A —heat conductivity coefficient; p —pressure; U — velocity vector;

T —temperature; T —viscous stress tensor; S. — energy source;

Syrot = —2p0xU —pwx (wxr) — the term taking into account the Coriolis force and the

centrifugal force;
S = -T .
vy = Pret T =T )G impulse source formed by buoyant forces;
B —volumetric expansion coefficient; g — gravitational acceleration vector;
Boundary conditions:

It is assumed that the adhesion condition holds on the side walls and at the bottom without
outlet:

Upan =0, (4)

At the upper boundary and in the drain region, values of the velocity U and its components
along the coordinate axes u; are given:

Uit = Uagiarl + Urggiar J + Ugin K U et = Uaiall +Uragiar J +Ugyi K

Uaiar = —Us Ugial = ~U3

Uragiar =0 ' | Uragiar =0 ®)
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The computations based on equations (1-3) with boundary conditions (4-5) were performed in
the ANSYS CFX and ANSYS FLUENT software package.
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2. Grid model using the ANSYS MESH subroutine

Previously, an unstructured computational grid of the model was generated in the ANSYS
MESH subroutine [9]. As main elements of the computational grid tetrahedrons were chosen; those
of the walls were prisms. To simulate the flow in the boundary layer, 18 prismatic layers clustered
against the walls were developed. Fig. 1 shows a general view of a two-dimensional computational
grid. In the procedure, some general recommendations on generating computational grids used to
solve other classes of gas-dynamic problems were taken into account, such as: the two neighboring
mesh ratios in the region of greatest gradients should not exceed 1.25, the same at interblock
boundaries — 2.0 [8, 9]. After the grid had been generated, its quality was checked. As an estimation
parameter, the quality parameter was used, the value of which should be at least 0.1.
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Fig.1. The preliminary 2-dimensional grid model of the wind turbine.

The maximum value of the dimensionless near-wall coordinate Y~ for the grid from the first
point was 80.29, and for the grid of the second type it was 102.34. Thus, for the computational
domain of the 3-dimensional model, a grid with the number of elements of more than 3,000,000
cells was generated, Fig.2.
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Fig.2. The 3-dimensional grid model of the computational domain around the wind turbine.
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Fig. 1 shows that at the initial stage, in the 2-dimensional model the diameter of the cylindrical
blades of the wind turbine decreases from their base to the ends, as if they are cut off. As a result of
numerous experiments, at the stage of generating 3-dimensional model, the experimenters were able
to develop a model of a three-bladed wind turbine with cylindrical blades having flat disks at the
ends. Fig.2 most accurately shows the real design [7, see Fig.2]. It can be seen that the diameter of
the end bases of the blades is larger than the diameter of the cylindrical blade itself.

Thus, in the ANSYS CFX and ANSYS FLUENT software package, a CAD-model of a wind
turbine was developed. That was a wind turbine with blades in the form of rotating cylinders having
flat disks at its ends. After that, computational models were developed in DESIGN MODELER.
Then, using the mesh generator ANSYS MESH, calculation grids were generated for each element.
Next, the computational domains were assembled in the CFX-Pre pre-processor. Figure 3 shows
one of the variants of mathematical modeling of a three-bladed wind generator, where the rotation
of a cylindrical blade with a flat end is shown.
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Fig.3. Three-dimensional modeling of the rotation of a wind generator cylindrical blade.

For the numerical implementation of the problem in the described formulation, finite-element
software packages ANSYS CFX and ANSYS FLUENT were used. The assumptions about the axial
symmetry of the problem and the laminar flow regime permitted to essentially reduce the number of
computational nodes and the computation time. In the environment of the same application, the
boundary conditions of the problem were set, the accepted assumptions were taken into account
and, after completion of the preparation process of objects for modeling, computations could be
performed.

3. Discussion of the results

For this particular case, 3.09 million point-elements of the grid model were used in the
computations. Computer simulation was made at initial temperature parameters of 288K (15°C) and
293K (ZOOC). The results showed that in this range there was no effect of temperature on the values
of the drag force. As a result of the calculations, the authors found the values of the drag force and,
accordingly, the drag coefficient when the air flow velocity changed, the maximum value of which
was 10m/s. The direction of the incident flow was perpendicular to the plane of the wind wheel and
did not change.
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Fig. 4 shows the change in the drag force value Fd of the virtual model of the wind turbine at
different incident flow velocities. The nature of the dynamics, i.e. an increase in the Fd values
corresponds to the physical phenomenon, which is confirmed by experimental data [4-6].

The following known formulas were used to calculate the dimensionless parameter [9]. The
formula for determining the Reynolds number:

Re = ud (6)
14
where U is the velocity of the air flow, approaching the cylinder; d is the outer diameter of the
cylinder under study; v is the kinematic viscosity of air.
The formula for determining the drag coefficient:
C =
P g
2
where Fq is the drag force; u is the air flow velocity; p is the air density; S — is s the cross-
sectional area of the wind wheel.
The found dependence of the drag coefficient of the virtual model of a wind turbine on
Reynolds number practically coincides with the exponential law of variation for the ideal case of a
cross flow around a cylinder, Fig.5.
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Fig. 4. The dependence of the drag force on the air flow velocity.
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Fig.5. The dependence of the drag coefficient of the wind turbine model on Reynolds number
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Thus, the found results of a 3-dimensional modeling of the dynamics of the aerodynamic drag
force of a virtual three-bladed model of a wind turbine with rotating cylindrical blades reflect, in a
first approximation, the physical flow pattern in the range of air flow variation from 3 to 10 m/s.

Conclusion

At this stage of the simulation, the action of the Magnus effect on the flow aerodynamics has
not been studied. Nevertheless, the technique for building a CAD model of a three-bladed wind
turbine and simulation of its flow in the ANSYS CFX and ANSYS FLUENT software package has
been developed. The ANSYS CFX complex permits to solve complex engineering problems of both
internal and external aerodynamics, and to determine the optimal design parameters when exposed
to various aerodynamic loads. The calculation of the most efficient flow parameters of the wind
turbine will be carried out in ANSYS CFX with corrected graphical parameters of the model in a
wider range of boundary conditions.
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